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ABSTRACT
ONE-YEAR POST-OPERATIVE STABILITY OF LEFORT | OSTEOTOMIES USING
RESORBABLE FIXATION: A RETROSPECTIVE ANALY SIS OF DIVERSE
FACIAL PATTERNS ON SKELETAL RELAPSE
Kyle Stewart Wendfeldt, D.D.S.
14 October 2002

The purpose of this retrospective study was to determine post-operative skeletal
relapse of maxillary LeFort | osteotomies using fixation plates and screws composed of a
bi oabsorbable copolymer of poly-L lactic and poly-L glycolic acid. The quantity of
skeletal relapse from pre-treatment to immediate post-operative to one-year after surgery
was measured and compared between two groups of diverse facial patterns, long-faced
dolichofacial subjects and short-faced brachyfacial subjects.

Twenty-three subjects, 18 dolichofacial and 5 brachyfacial, ages 19-39 were
treated with LeFort | osteotomies to correct excess vertica maxillary height. Pre-
operative, immediate post-operative, and one-year post-operative lateral cephalometric
radiographs were traced and digitized.

A template of each pre-operative maxilla allowed a best-fit technique of
superimposition to be utilized for measurement of and comparison with the immediate
post-operative and one-year post-operative lateral cephalometric radiographs to
horizontal (Frankfort horizontal) and vertical (Nasion perpendicular) reference planes.
Linear millimeter measurements were recorded to the following four cephal ometric
landmarks. Posterior nasal spine (PNS), anterior nasal spine (ANS), A-point, and M-
point. M-point is marked by visual inspection at the center point in the widest part of the

premaxillary outline.
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A two-factor repeated measures ANOVA (Wilks' lambda) was used to compare
the magnitude of skeletal relapse one year after surgery within and between the
dolichofacial and brachyfacial subjects. Significance for all tests was set at p<0.05.
Statistically greater post-operative relapse for PNS to Frankfort horizontal was found for
all subjects evaluated for vertical stability. Antero-posterior relapse for al subjects was
again only statistically significant for the point PNS. A statistically significant difference
was found between the two facial types (dolichofacia vs brachyfacial) for PNS and A-
point to Nasion perpendicular with brachyfacial subjects demonstrating more post-
operative relaps. Further studies using larger sample sizes of diverse facia patterns are
required to determine the precise role biomechanical efficiency playsin surgical relapse.

Although several values were found to be statistically significant for all subjects,
the absolute values of post-operative relapse using bioabsorbable polymers was clinically
negligible. The most significant contribution of this study to the volume of surgical
stability literature is reporting the absolute magnitudes of post-operative relapse. The
greatest relapse in any direction was 0.340 mm (PNS to Frankfort horizontal). The
findings of this study demonstrate relapse tendencies in fractions of a millimeter which
can perhaps be attributed to excellent surgical manipulation, fixation material, or both.
Although several relapse values for this study may have been statistically significant the
absolute magnitude was clinically insignificant. In fact, post-operative relapse was less
than that previoudly published for rigid internal metalic fixation.

Bioabsorbable copolymers provide excellent post-operative stability for superior
and anterior maxillary surgical repositioning that rivals stability measurements using

rigid internal metallic fixation.
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CHAPTER

INTRODUCTION

History of the Maxillary Osteotomy

Mobilization of the maxilla was first described in the European literature in 1859
(von Langenbeck, 1859). von Langenbeck made a horizontal cut, known as an
osteotomy, partially through the maxillary bone above the apices of the maxillary teeth
and termed it osteoplastic resection of the maxilla. Two years later he established the
concept of temporary mobilization and inferior displacement of the maxilla by severing a
majority of the maxilla away from the cranium in the horizontal plane at the level of the
pterygopalatine fissure. An extraora incision of the face extended bilaterally from the
midline to the zygoma to expose the entire maxilla. The surgeon would then divide the
maxilla horizontally and tilt it inferiorly, finaly allowing it to remain tethered on its soft
tissues to heal in the origina position.

Surgical mobilization of the maxilla using bone chisels was described as early as
1867 in the American surgical literature by a Boston physician named David Cheever
(Cheever, 1867). In 1901, the same fracture line used by Cheever would be described as
the LeFort | position. He used this procedure to gain access to a nasopharyngea tumor.
After performing a hemi- maxillectomy Cheever discovered that the maxillae could heal

and remain stable after being fractured down and replaced in its pre-surgical position.



Today the term downfracture is commonly used to describe this mobilization of
the maxillafrom the cranium. In 1870, Cheever performed the first total maxillary
downfracture in the United States on another patient to again gain access to a large
nasopharyngeal tumor (Fig 1 from Bosworth, 1889, p.14). After resecting the tumor, he
successfully repositioned and secured the maxilla to the cranium with interna
transosseous silver wires. The patient died five days after surgery from complications
associated with his generally debilitated condition yet Cheever’s accomplishment was
viewed as atruly remarkable feat considering the state of surgery and anesthesia at the

time.

Fig 1 Cheever gained access to a nasopharyngeal tumor viaextraoral incisions

In 1893, Lanz described an extension of the operation by von Langenbeck when
he divided the maxilla down the midline antero-posteriorly and expanded along the
midline to gain access to the pituitary fossa (Lanz, 1893). Today we call this procedure a

two-piece LeFort | osteotomy.



In 1901, a French anatomist and surgeon named L eFort, studied patterns of facial
fracture. To thisvery day his classification of traumatic maxillary fracture lines known
asl, Il, and Il continue to describe how the facial skeleton is surgicaly altered (Fig 2

from Bell, 1985 p. 48).

Figure 2 LeFort | fractureline

In 1927, Wassmund performed the first total maxillary osteotomy to correct a
skeletal anterior open bite. Recognized asthefirst correction of midface malposition, he
transversely fractured the maxillawith a chisel but did not cut through the pterygoid
plates (Wassmund, 1927). He then used interarch elastic bands for 14 days to supply
orthopedic traction to assist moving the tethered maxilla into the desired position.

Y ears passed as the total maxillary osteotomy fell out of favor due to high
morbidity rates and relapse tendencies. It wasn't until 1952, however, that areviva in

maxillary surgery occurred when an American surgeon named Converse reported



advancing the maxillawith atotal maxillary osteotomy. He advocated complete
transection of the maxilla and palatine bones to enhance stability of the anterior
movement and long-term retention.

Superior long-term results were reported by Obwegeser in 1969 primarily due to
full mobilization of the maxilla via complete transection of the pterygoid plates of the
sphenoid bone and maxilla that decreased soft tissue resistance and thereby improved
stability (Obwegeser, 1969). Early fears over devascularization of facial tissues and
devitalization of teeth have waned as surgical technique, hypotensive anesthesia, and
procedures to control intraoperative bleeding have improved.

In 1969, research performed by Bell on rhesus monkeys laid much of the
philosophical and physiologic foundation for the future success of the total maxillary
osteotomy (Bell, 1969). Bell noted only transient ischemia, minimal osteonecrosis, and
early osseous union when the maxilla was completely transected and attached only to the
palatal mucosa (Bell, 1971). Clinical confidence in the total maxillary osteotomy
procedure grew geometrically after the publication of Bell’s research.

Long-term stability and therefore relapse following the total maxillary (LeFort )
osteotomy was a grave concern that puzzled surgeons and orthodontists throughout the
1970s and 1980s. In 1974, Willmar provided a detailed description of the changesin the
maxillafollowing LeFort | osteotomy (Willmar, 1974). He aso noted several factors that
influenced post-operative stability including the direction and amount of maxillary
movement, osteotomy design, adequacy of mobilization, type of stabilization, occlusal

interdigitation, and the use of synthetic or organic interpositional bone graft materials.



Over the past thirty years clinicians and research scientists have collaborated to
provide an impressive volume of literature on the total maxillary osteotomy to the
surgical and orthodontic communities. This paper will address clinical indications,
techniques, methods of fixation, and factors affecting stability and relapse of the total

maxillary osteotomy that have received attention in the literature.

Indicationsfor the Maxillary Osteotomy

Surgical correction of the maxilla with atotal maxillary osteotomy at the LeFort |
level has been used to correct a variety of dentofacial deformities. Most commonly the
procedure is used to correct skeletal deviations that manifest themselves as extremes of
dental malocclusion. The different groups for which the LeFort | osteotomy is indicated
can be skeletal deep or open bite types combined with any of Angle s original
classifications of dental Class|, Il, or 111 malocclusion (Angle, 1900). Most commonly,
the LeFort | osteotomy is used to correct skeletal open bite, skeletal Class 111 anterior
cross-bite, and idiopathic hyperdivergent “long-faced” syndrome otherwise known as
total maxillary alveolar hyperplasia or vertical maxillary excess. Although a multitude of
bony segments and trajectories can be used, the total maxillary osteotomy predominantly
repositions the maxilla superiorly and anteriorly to correct the three clinical presentations

noted above. Oral surgeons refer to the procedure as an “impaction and advancement”.

Maxillary Osteotomy Surgical Technique
Down-fracturing the maxilla simplifies the myriad of surgical procedures that can

be performed on the maxilla by allowing access to all parts of the bony anatomy of the



maxilla (Epker and Wolford, 1976). A horizontal incision is made in the depth of the

maxillary vestibule from right to left zygomatic buttresses (Epker and Schendel, 1980).
The surgeon then dissects posteriorly beneath the periosteum to the pterygoid plates of
the sphenoid bone, then to the infraorbital region of the maxilla superiorly and into the

nasal cavity anteriorly (Fig 3 from Epker, 1980, p.6).

Fig 3 LeFort | surgical dissection from nasal piriform aperature to pterygoid plates

The lateral and medial walls of the maxilla, nasal septum, and vomer are then
transected with a high-speed bur or reciprocating saw blade at least 4 mm above the
apices of the maxillary teeth and irregularities of bone and nasal septum are removed to
allow passive repositioning of the mobilized maxilla. The cut is carried from the nasal

piriform aperature to the pterygoid plates posteriorly (Fig 4 from Bell, 1985, p. 37).

Figure 4 Surgical cuts from nasal piriform aperature through the pterygoid plates
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Lateral ostectomy is sometimes carried inferiorly just distal to the maxillary
second molar tooth (Wolford and Epker, 1975). The nasal septum is separated from the
maxilla and will now down-fracture with finger pressure applied to the anterior maxilla
(Fig 5afrom Bell, 1985, p. 27) or mobilized and repositioned with disimpaction forceps

(Fig 5b from Epker, 1980, p. 6).

Fig 5a (left) Mobilization of the maxilla using finger pressure or Fig 5b (right) disimpaction forceps

The mobilized maxillais then stabilized across the osteotomy site with one of
three types of fixation systems. The oldest method utilizes stainless steel surgical

suspension wires similar to those seen in Figure 6 below (Rosen, 1986, p. 748).

Fig 6 Maxillary osteotomy fixation using metallic L-plates and suspension wires
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Second, titanium aloy metallic screws and fixation plates have been popular with
oral and maxillofacial surgeons since the early 1980s. Third, plates composed of
bi oabsorbable polymers are secured across the osteotomy site with identical composition

bioabsorbable screws (Fig 7 from Kiely, 2002, original photo).

Fig 7 Maxillary osteotomy fixation using bioabsorbable L-plates and screws

Post-oper ative Fixation of the Maxillary Osteotomy

The original maxillary osteotomies performed by von Langenbeck and Cheever
were not stabilized across the osteotomy site with any material. These early surgeons
chose not to stabilize the osteotomy segments together perhaps because the maxilla was
not completely transected. Surgical improvements by Converse dictated stabilization
across the osteotomy site to immobilize the transected maxilla (Converse and Shapiro,
1952). Wire osseous fixation with stainless steel wires was used to approximate the bony
segments to limit post-operative mobility and encourage osseous union. Stainless steel

wires were passed through holes drilled into each segment and cinched tight. Although



initial victoriesin surgical technique were reported by Converse, it wasn’t until 1959 that
the first reported superior movement of the maxilla was attempted (Schuchardt, 1959).

In 1969, Bell published alandmark paper on microangiographic and histologic
studies demonstrating complete sectioning of the perpendicular plates of the palatine
bone did not excessively compromise the blood supply and more extensive posterior
osteotomies could be performed (Bell, 1969). Greater knowledge of collateral blood
supply healing at the osteotomy site dramatically improved surgical technique and post-
operative stability (Bell, 1971). During the 1970s and 1980s numerous favorable reports
appeared in the orthodontic and surgical literature demonstrating clinically acceptable
relapse measurements with superior repositioning of the maxilla (Fish et a,1978).

Longitudinal stability studies on the one-piece LeFort | osteotomy impaction and
advancement by Phillips, Proffit, and Turvey (1987) revealed 2 mm relapse as a clinically
acceptable threshold when using wire osseous fixation. Carpenter, Nanda, and Currier
(1989) found no difference in post-operative relapse of one-piece LeFort | osteotomies
when they compared groups stabilized with wire osseous fixation with rigid internal
metallic fixation (RIF) plates and screws. More recently Egbert et a found a statistically
significant difference in vertical and horizonta relapse of one-piece LeFort | osteotomies
between wire osseous fixation and rigid internal metalic fixation plates and screws
(1995). The group stabilized with rigid internal metallic fixation plates and screws
demonstrated only one-half the relapse of the wire osseous fixation group in the vertical
plane and statistically improved stability in the horizontal plane. Advancementsin
surgical techniques and fixation materials have profoundly changed and improved relapse

rates of one-piece LeFort | osteotomies, and thus appear to contradict earlier reports.



Although variability is highly likely to occur between different surgeons and surgical
centers, al trends reported in the surgical and orthodontic literature demonstrate the
superiority of rigid internal metallic fixation plates and screws to wire osseous fixation
materials. Rigid internal fixation materials are considered by most oral and maxillofacial
surgeons to be the “gold standard” for post-operative stability in orthognathic surgery.
Since the early 1990s, laboratory and clinical research has developed, tested,
modified, and re-examined stabilizing the facial skeleton with biologically tolerable
polymer materials that begin degradation after union occurs across the osteotomy site.
These polymers are termed resorbable or bioabsorbable. Numerous laboratory tests show
great promise for this group of resorbable polymersin sheer and compression strength
(An et a, 2000), fatigue resistance (Wiltfang et al, 2000), and fracture toughness (Araujo
et a, 2001) compared to rigid internal metallic fixation systems. Longitudinal clinical
reports of their favorable use in mandibular orthognathic surgery have been published by
Edwards, Kiely, and Eppley (1999), Turvey et a (2002), and Ferretti and Reyneke
(2002). No research to date has published longitudinal results of post-operative stability
using resorbable fixation for one-piece impaction and/or advancement maxillary surgery.
The purpose of this paper is to report original research on the stability of one-piece
LeFort | impaction with and without advancement osteotomies using resorbable plates
and screws as the only method of post-operative fixation. Using the results from this and
other longitudinal studies, oral and maxillofacial surgeons may soon replace rigid internal
metallic fixation systems with resorbable polymers for al orthognathic surgeries. Further
investigation may define bioabsorbable polymers as the new “gold standard” for

orthognathic surgical procedures.
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Post-oper ative Stability of the Maxillary Osteotomy

The key element in orthognathic surgery is not necessarily the magnitude of the
surgical move nor the trgjectory, but the amount of long-term relapse. After all, who
would volunteer for a painful, moderately incapacitating, and temporally disfiguring
elective surgical procedure to their face knowing in advance that relapse would negate
the surgical movement. An utter failure. Schendel and Epker noted unacceptable post-
operative stability more frequently with large advancements (greater than 10 mm) and
that most of the relapse occurred during the first 6-8 weeks after surgery (1980). Termed
early relapse, this type usually occurs at the osteotomy site due to inadequately
immobilized segments. Gassamann proposed that large advancements place increasing
amounts of stretch on the surrounding soft tissue envelope and is compounded by a
decreased hard tissue surface area interface along the osteotomy line to resist soft tissue
stretch relapse movements shortly after surgery (1990).

Larsen et a noted there was very little difference between maxilla stabilized by
plates and those stabilized by wires (1989). However, they included a variety of surgica
moves in their two groups. Maxillary stability cannot be studied without examining the
trgjectory of the movement initially attempted at the time of surgery. Most of the
literature agrees that superior repositioning of the maxilla, termed an impaction, is avery
stable movement. Proffit, Phillips, and Turvey noted that the vertical position of the
maxillawas stable in 80% of patients who underwent impaction with wire osseous
fixation (1987). Carlotti and Schendel studied 30 patients who were stabilized with wire

osseous fixation for maxillary advancements (1987). Nearly 33% of the patients had
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unfavorable relapse and they recommended rigid internal fixation in cases of maxillary
advancement up to 11 mm.

Therefore, in order to prevent relgpse most orthognathic surgery research has
reported on improvements in surgical technique using various types of interpositional
graft materials and fixation systems. Most informative to the oral and maxillofacial
surgeon and orthodontist have been longitudinal stability studies comparing fixation

materials which showed promise in laboratory tests.

Diver se Facial Patterns

A comprehensive study of surgical stability would be incomplete without
considering how the functional factors acting upon the osteotomy site influence relapse.
Three separate experiments clearly demonstrate direct changes in bone shape due to the
environmenta stimuli of the surrounding musculature (Shapiro, 1934), (Washburn,
1947), (Avis, 1961). Epker and O’ Ryan suggest how extreme functiona patterns
performed with enough intensity, duration, and frequency can biomechanically influence
dysmorphic facial patterns (1982). The masticatory muscles in long-faced dolichofacial
individuals are oriented in a more posterior and biomechanically inefficient pattern.
Long-faced persons, therefore, generate smaller (50 Ib) molar masticatory forces than
short-faced brachyfacial individuals who display opposite morphological features and
thus generate heavier molar (150-2501b) masticatory forces. Takada, Lowe and Freund
(1984) infer that obliquely inclined and posteriorly positioned masseter muscle fibers
relative to the occlusal plane may explain why long-faced dolichofacial individuals

achieve their characteristic facial appearance.
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Haskell, Day, and Tetz (1986) resolved vector forces from human cadavers with
diverse dolichofacial and brachyfacial skeletal patterns. A computer generated model
assisted in determining that the relative spatial muscle orientations in the two diverse
facial types were different due to the variation in facia morphology and that this
difference shows how much more efficient brachyfacial individuals are at generating
simple bite forces. Most important to this discussion on the magnitude of surgical relapse
is the following comment from Haskell, Day, and Tetz (1986, p. 380) “It is possible that
through such analyses, the stresses present in the jaws of diverse mandibular forms may
aid in the treatment planning of surgical procedures. Orthognathic sagittal advancements
of the mandible that occasionally fail in long-faced persons may be the result of a bony
incision unknowingly placed through areas of high stress as pictured in the FEA or
caused by inadequate fixation in a highly stressed area prone to relapse as a result of
biomechanical failure”. Bite forces were recorded in 35 patients treated for mandibular
angle fractures and compared to 29 adult male controls (Tate et al, 1994). Molar bite
forces on the fractured side were significantly less than controls and the contralateral side
for the first six weeks after surgery indicating that the recommendations for the amount
of post-operative fixation be reduced.

It was with great anticipation that we examined the following data set of post-
operative maxillary stability. Understanding all biomechanical influences of diverse
facial types on the post-operative maxilla could surely gird us with the knowledge of
possible relapse phenomena as in the mandible. Oral and maxillofacial surgeons could
then appropriately design fixation measures to counteract adverse functional forces

created by diverse facial types and thereby limit the magnitude of post-operative relapse.
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Study Objectives

The primary objective of this study was to evaluate the magnitude of skeletal
relapse one year after superior and/or anterior surgical movement of maxillary LeFort |
osteotomies using fixation plates and screws composed of a bioabsorbable copolymer of
poly-L lactic and poly-L glycolic (PLLA/PGA) acid.

A second objective of this study was to assess and compare differences in skeletal
relapse between two diverse facial and skeletal patterns receiving similar surgical

procedures.

Study Hypotheses

Null Hypotheses:

1. Thereisno difference in relapse values when comparing post-operative
stability of maxillary LeFort | impaction and/or advancement osteotomies stabilized with
a bioabsorbable copolymer composed of poly-L lactic/poly-L glycolic acid and
previously published data of osteotomies stabilized with metalic rigid internal fixation.

2. Thereis no difference in relapse values when comparing post-operative
stability of maxillary LeFort | impaction and/or advancement osteotomies between

dolichofacial and brachyfacial patterns.
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CHAPTER II

REVIEW OF THE LITERATURE

Post-oper ative Fixation Materials

The original maxillary osteotomies performed by von Langenbeck (von
Langenbeck, 1859) and Cheever (Cheever, 1867) allowed the maxillato float freely after
surgery. No fixation materials were used to reposition the maxilla. Bony union occurred
wherever the maxilla was held the longest. Concerned primarily with recurrence of
tumors, surgeons made no mention of the functional or esthetic position of the post-
operative maxilla

In the 1960s Obwegeser described post-operative fixation of total maxillary
osteotomies with surgical suspension wires (Obwegeser, 1969). After complete
mobilization at the LeFort | level, holes were drilled on either side of the osteotomy site
and stainless steel suspension ligature wires were threaded through and cinched tightly

(Fig 8 from Bell, 1985, p. 50)

Fig 8 Maxillo-mandibular fixation with inter-occlusal splint and suspension wires
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Michelet introduced metallic fixation plates and screws in 1973 to stabilize the
post-operative maxilla (Michelet, 1973). Few technological advancements have
propelled the field of orthognathic surgery forward like rigid internal metalic fixation
systems. Titanium alloy plates and screws like those seen in Figure 9 below span the
osteotomy site and thus rigidly holds the inferior segment composed of maxillary

alveolus and maxillary teeth to the superior segment of the maxilla.

Fig 9 Metallic fixation after maxillary osteotomy

Stabilized with rigid interna fixation plates the mucosa is closed over the
osteotomy site making maxillo-mandibular fixation (MMF) unnecessary. This relatively
simple application of rigid internal metalic fixation plates and screws expedites
masticatory rehabilitation, improves esthetic outcomes, and alows more complete
surgical reconstructions (Epker and Schendel, 1980). The use of rigid internal metallic
fixation is so superior in post-operative stability and ease of placement that few surgeons
would return to using wire suspension ligatures. Rigid internal metalic fixation of the
craniofacial skeleton is clearly the gold standard by which al future materials will be

measured against (Araujo et al, 2001). Advancements in size, geometric shape, and
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placement methods of metallic fixation systems have exploded since the early 1980s and
virtually any conceivable application can be performed in the craniofacial skeleton with
rigid internal metallic fixation. Why, then, should we consider exploring aternatives?

First, metallic devices permanently implanted in the human body are not without
complication. Metallic devices may require removal due to loosening, migration, dental
impingement, interference with the maxillary sinuses leading to sinus infections,
palpability through the skin of the face, thermal sensitivity, latent foreign body reactions
and infections, and patient’s psychological desire to eliminate artificia hardware
(Schmidt et a, 1998). This retrospective study of 39 patients reported 11.1% had at |east
a portion of their metallic rigid internal fixation hardware removed because they either
requested removal or required removal secondary to complications related to the plate or
screw (1998). The reasons cited for remova included radiographic obstruction, pain,
palpability by the patient, sinusitis, temperature sensitivity, infection, growth restriction,
and patient request due to objection of having a foreign body remain in their facial
region. Are we certain that the metals used in modern orthognathic surgery today are
entirely biologically inert?

Particulate matter in the surrounding bone and soft tissues have been reported
since the early 1970s.  Histopathological samples were taken from 44 patients after
orthopedic surgery procedures with metallic implants and were subjected to optical
microscopy, electron microscopy, electron diffraction, and x-ray spectrographic
examination by trained pathologists (Winter, 1974). Corrosion of the metalic implants
led to the formation of soluble and insoluble compounds that the immune system

recognizes as foreign bodies. 13 of the 44 patients Winter examined demonstrated
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granulomatous inflammatory reactions composed of groups of large macrophages called
multinucleate giant cells.  Electron diffraction study determined the particles were
carbides of chromium known to be cytotoxic. Winter (1974) also noted that the soft
tissues were frequently impregnated with metallic deposits leaving the tissue to appear
necrotic. Similar black metallic particles are also seen under histopathological analysis
with modern day titanium alloy based rigid internal fixation systems used in orthognathic
surgery (Kim et a, 1997), (Matthew and Frame, 1998), (Hirai et al, 2001).

There is evidence that chronic and sustained immune responses to titanium are
clinically documented (Hunt et al, 1994), (Ungersboeck et a, 1995). Katou examined
biopsy specimens from 12 patients taken from 17 mandibular fracture sites between 24 to
96 weeks after open reduction with titanium miniplates Katou et al, 1995). Chronic
inflammation of a delayed-type hypersensitivity reaction was shown with a greater
proportion of CD4+ inducer cells than CD8+ suppressor cells. The debate about
routinely removing al metalic fixation plates at some point after surgery should include
the issue of hypersengitivity.

Normal stress patterns are disrupted and primary bone callus formation is atered
after fracture fixation with metallic fixation. Seventeen weeks after fixation with metallic
plates and screws, haversian canals demonstrated enlargement and collagen bundles were
disrupted leading to evidence of osteoporosis, bone atrophy, and some refractures
(Paavolainen et al, 1978). It is for this reason that metallic devices cannot be used in
growing children. The same property that makes them ideal for post-operative stability,
namely rigidity, does not alow for proportionate growth of facial structures near the

osteotomy site Epply and Rellly, 1997). Surgica instability is easily witnessed in
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pediatric cranial reconstruction due to the migration of metalic fixation plates as the
child grows (Papay et a, 1995), (Imolaet al, 2001).

Progress has never been made in any endeavor, particularly orthognathic surgery
by accepting the status quo. Our goal should be to safely and effectively reposition and
restore the facial bones with limited facial scars, artificial materials, and hard or soft
tissue dysfunction. Excellent post-operative stability and esthetics without permanently
implanted hardware is clearly alofty goal that benefits both the patient and the healthcare
system. In an effort to address the issues of permanency, growth restriction, interference
with radiography, palpability, thermal sensitivity, hypersensitivity, and psychological
desire for removal (Schmidt et a, 1998), a new class of biomaterials, bioabsorbable
polymers, are being honed for use as internal fixation devices following orthognathic
surgery. Reluctanceto try bioabsorbable polymersis perhaps due to the differencein
how they handle intra-operatively or the lack of long-term stability data until recently
(Turvey et a, 2002).

Theideal bioabsorbable material alows internal (beneath oral mucosa) fixation to
be designed with appropriate early strength to meet the relapse intensive demands of the
first six to eight weeks after surgery yet will degrade in a predictable manner so that
adequate strength remains to stabilize the bony segments while osseous union occurs
(Pietrzak, 1997). Additionally, no adverse inflammatory responses should occur that
would require surgical removal. Finaly, theideal bioabsorbable materia should
eventually break down entirely so that radiographic obstruction, palpability, temperature

sensitivity, and psychologic issues are resolved (Eppley et al, 1996).
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Bioabsorbable polymers, designed to gradually lose strength after implantation
and be removed from the body, are positioned to become the new “gold standard” for
post-operative fixation in orthognathic surgery. Polymers are composed of
macromol ecular monomers of repeating units up to 1 million daltons in molecular weight
resembling the links in a chain (Suuronen et al, 1992). When two or more homopolymers
(-AAAAAAAAA-) are connected, a copolymer (-AAAABBBAAAAAABBB-) isformed
with different physical properties than its constituents. An amorphous microstructure has
polymer chains loosely packed and randomly oriented in three dimensions with respect to
each other. Amorphous regions can easily glide past each other and therefore result in
relatively weak chemical bonds (Stryer, 1989). Crystalline regions are closely packed
paralel chains of polymers that exhibit high strength chemical bonds due to hydrogen
bonding and van der waals interactions between polymer chains. Larger crystalline
chain, and thus molecular weight, copolymers increase the bulk and strength of the
polymer chains because they prevent amorphous regions of the polymer chains from
dlipping past each other. Therefore, increasing the crystallinity of a copolymer increases
its strength, especially if aload is applied rapidly. Higher crystalinity also increases its
degradation time.

Bioabsorbable materials degrade in two phases. Phase one hydrolytically breaks
apart the long polymer chains into short polymer chains. Hydrolysis reduces the
molecular weight and strength as the polymer chains slip past each other (Pietrzak, 1997).
Highly amorphous polymers are easily attacked by hydrolysis and resorb quickly. Highly
crystalline polymers on the other hand resorb slower and decrease the surrounding tissue

pH which can incite local inflammatory reactions. Phase two is a physiologic response of
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phagocytic macrophages engulfing polymer chains and metabolizing them to carbon
dioxide and water via the Krebs cycle, thereby radically diminishing the mass of the
implant. Initialy, an inflammatory reaction encircles the implant, then athin fibrous
membrane forms, and finally bone fills in after final degradation of the copolymer plates
and screws.

Bioabsorbable fixation systems for orthognathic surgery have included
polydioxanone (PDO), polyglygonate, pure polyglycolic acid (PGA), pure poly-L-lactic
acid (PLLA), and PGA/PLLA copolymers. PDO and PGA have shown the least strength
under tension (Miller et al, 1977). PGA homopolymers have demonstrated the greatest
strength yet PGA resorbs very quickly despite its high crystalinity. PGA loses most of
its strength in 4 weeks and al of its mass in 6-12 months (Tormala, 1993). As mentioned
above, large quantities of acidic glycolic acid can be released into the surrounding tissue
decreasing the pH to incite local inflammatory reactions (Tormala, 1993).

Alternatively, pure PLLA absorbs in 24-36 months due to its numerous cross-
linked crystalline regions and has been shown to incite latent foreign-body macrophage
reactions up to 5.7 years after implantation (Bergsmaet al, 1995). PLLA miniplates have
demonstrated effective fixation in mandibular fractures (Beesho et al, 1997) and unstable
zygomatic fractures (Bos et a, 1987). PLLA effectively stabilized all nine patientsin a
post-operatively stability study by Bergsma for two years, yet four of the nine returned
with nonspecific foreign body macrophage reactions three years after orthognathic
surgery (Bergsmaet al, 1993). Although no osteolytic changes were found in the cortical
bone and all fracture lines were no longer detectable, electron microscopic analysis

revealed crystaline-like PLLA material within macrophages. As several authors have
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reported, hydrolysis of PLLA requires approximately 24-36 months which breaks the
material up into small crystal-like fragments of various sizes for macrophage degradation
(Miller et a, 1977), (Chu et a, 1982). This change in the shape and biomechanical
properties of PLLA during degradation intensifies foreign body reactions (Sevastjanova
et a, 1987) in asimilar manner to rigid internal metallic fixation implants.

The first commercially available bioabsorbabl e fixation system approved for
orthognathic surgery by the US Food and Drug Administration is a copolymer of PGA
and PLLA, termed Lactosorb® (Lorenz/Biomet Inc. Warsaw, IN). Lactosorb® isa
random, linear copolymer of 82% PLLA and 18%PGA with mostly amorphous regions
and very similar in composition to the popular resorbable Vicryl® (Ethicon Corp. San
Angelo, TX) suture material used by all surgeons. Lactosorb®, between PGA and PLLA
in physical properties demonstrates adequate strength for the relapse intensive six weeks
immediate post-operatively. The peak flexural load of Lactosorb® in-vitro exceeded that
of a 1.5 mm titanium fixation plate in an 8-week buffered saline test (Pietrzak, 1996).
Bos reported the bending modulus of PLLA plates (5 GPa) to be equivalent to metallic
Champy plates (5-7 GPa) with stable fixation of zygomatic fractures three months after
surgery (Bos et al, 1987). Additionally, Bos found no signs of inflammation or foreign
body reaction were found during the three month observation period. More recently, the
screw holding strength of bioabsorbable screws was tested to measure the efficacy of
fixation. The PLLA/PGA copolymer Lactosorb® demonstratesa112.9 + 12.1 N single
screw pull out force (Tiainen et a, 2002). Even though masticatory loads are complex

combinations of torsional movements the combined strength of multiple bioabsorbable
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bone plates and screws across a fracture or osteotomy site appears more than adequate to
offset typical 100N molar masticatory bite forces (Tate et al, 1994).

A detailed in-vitro strength analysisby Araujo et a (2001) compared two types of
commercialy available rigid titanium fixation systems to two commercially available
bioabsorbable systems after LeFort | osteomy on adry skull. Applied loads in the antero-
posterior (AP) direction were designed to simulate relapse forces while applied loads in
the infero-superior (1S) direction simulated biting forces. IS load directions were found
to be significantly different than AP load movements. Metallic plates demonstrated less
load deflection deformation than bioabsorbables in AP direction yet no significant
difference was found between the groupsin the IS direction. Failure analysis tests
revealed greater gap widening in the posterior region than the anterior region for the
titanium fixation groups. Although bioabsorbable materials deform earlier and resist
permanent deformation less than their metallic counterparts, other authors report
bi oabsorbables possess adequate |oad capacity for clinical conditions (Song et al, 1997).
Araujo et a (2001) conclude, “based on these biomechanical results resorbable fixation
should be considered adequate for fixation in maxillary surgery”.

Bioabsorbable fixation is an attractive aternative to metalic fixation in pediatric
craniofacial surgery due to its impressive strength during the initial phases of healing
(An, 2001). Most impressive is the property of natural degradation that does not impede
normal growth. A ten-month follow-up study of 35 pediatric craniofacial reconstruction
patients reported no complications involved with wound healing, contour, or stability
(Montag et al, 1997). A separate study demonstrated satisfactory post-operative wound

healing in 21 out of 22 pediatric craniofacia surgery patients and recommended
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resorbable fixation as an attractive option in pediatric plastic and craniofacial surgery
(Kumar et al, 1997). Long-term efficacy of bioabsorbable fixation was also reported by
Imola et al (2001) when 52 of 54 pediatric patients demonstrated uncomplicated bone
healing and adequate osseous union after stabilization with bioabsorbable fixation. Imola
concludes that the outcomes of their study are comparable to results using metal
osteosynthesis in similar surgical situations yet bioabsorbables are a, “means of avoiding
the potential and well-documented problems with rigid metal fixation and we believe the
benefits are well worth the effort and represent a major advance in pediatric craniofacial
surgery.”

The resorption characteristics of bioabsorbable fixation systems appear to be slow
enough to offer adequate stabilization while not overwhelming the local ability to clear
degradation products (Eppley, 1997). In-vivo fixation of parietal bone craniotomies of 20
rabbit skulls with 2.0 mm Lactosorb® plates and screws revealed no change in implant
size with completely intact plates and screws after two months, 66% reduction in cross-
sectional dimension after 6 months, and approximately 99% reduction in cross-sectional
dimension after 9 months (Eppley, 1997). Eppley and Reilly (1997) conclude that, “no
evidence of macromolecular polymer debris could be found one year after surgery and
that no contraindications for the clinical use of this specific formulation of PLLA/PGA
copolymer could be found for implantation on craniofacial bone surfaces’. Lactosorb®
entirely clears from the body one year after surgery due to its faster resorption than pure
PLLA, therefore, copolymers of PLLA and PGA are well tolerated by the body (Habal,
1997). Dueto their low crystalinity the potential for latent foreign body reactions is

greatly diminished (Eppley et al, 1996).
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In-vitro exposure of Lactosorb® copolymer to low but clinically therapeutic doses
of ionizing radiation (80Gy) over an eight week period had no effect on the degradation
properties of the material, thereby preventing the formation of small crystalline
substances known to incite local inflammatory reactions (Pietrzak, 2002). Therefore,
because metallic fixation may cause stress shielding and alter dosage requirements for
therapeutic tumor radiation (Postlewaite et al, 1990) and because Lactosorb is tissue
equivalent to radiotherapy beams (Rozemaet a, 1990), Lactosorb® can therefore be used
safely asinternal fixators when ionizing radiation is necessary to eliminate maxillofacial

tumors (Pietrzak, 2002).

Post-oper ative Stability of the Maxillary Osteotomy

Relapse following maxillary superior repositioning has been found to be relatively
minor when good bony contact is maintained. Schendel reviewed 18 patients who had
undergone maxillary impaction for vertica maxillary excess (Schendel, 1976).
Cephaometric analysis 14 months post-operatively revealed a tendency of the maxilla to
further intrude during the period of maxillo-mandibular (MMF) wire fixation. The
greatest amount of intrusion was seen in the anterior maxilla at A-point with excellent
stability found in both open bite and non-open bite cases.

In 1977, Bell and McBride analyzed the results of 41 patients with vertical
maxillary excess treated by Le Fort | osteotomy and noted a dight tendency for the
maxilla to intrude or retrude during MMF, but found that all cases were stable 13.5
months post-operatively, regardless of the presence or absence of open bite malocclusion

(Bell, 1977). Phillips et a (1985) evaluated 60 patients who underwent superior
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maxillary repositioning, with and without segmentalization, and again reported minor
superior relapse of the maxilla during fixation. In 1987, Proffitt et a studied 61 patients
one year following maxillary impaction surgery for vertical maxillary excess. All
patients were stabilized post-operatively with MMF. The posterior maxilla was stable in
87% of the cases and the anterior maxilla was stable 70% of the time during the MMF
period. The relapse occurred in the superior direction.  When the maxilla was moved
superiorly, it could be expected to move further upward during the first six weeks after
surgery if it moved at al. Additionaly, between six weeks and one year post-
operatively, 25% of the patients demonstrated more than 2 mm of inferior relapse
movement of the anterior maxilla.

Four years later, 49 patients who underwent maxillary advancement to correct
maxillary antero-posterior deficiency were followed @roffit et a, 1991). Thirty-one
patients were stabilized post-operatively with internal wire osteosynthesis and MMF
while 18 patients had interna fixation with rigid titanium fixation plates. 80% of the
patients had excellent stability at one year, while 20% had 2-4 mm of posterior
movement of the anterior maxillary landmarks. No difference in antero-posterior
stability between wire MMF fixation and internal rigid titanium fixation was found.

Stability data from numerous authors (McNelll et a, 1973), Luyk and Ward-
Booth, 1985), Bishara et a, 1988), (Ellis et a, 1989), (Larsen et al, 1989), (Louis et al,
1993), (Bailey et al, 1994), and (Egbert et al, 1995), have found internal rigid titanium
fixation to be equivalent or superior to both MMF wire fixation and internal wire
osteosynthesis fixation. Fifteen patients with skeletal plus dental MMF versus 15

patients stabilized with rigid internal metalic fixation were evaluated by Skoczylas et a
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for potential effects of mandibular surgery on maxillary stability (1988). The authors
found greater variability in the post-operative stability of those patients fixated with
MMF than those stabilized with rigid internal metalic plates. Egbert et al demonstrated
that 10 of 13 patients stabilized with internal rigid titanium fixation had less than 1mm
post-operative horizontal change after maxillary advancement while only 6 of 12 patients
stabilized with wire osteosynthesis achieved the same result (1995). He also reported the
mean one-year post-operative relapse was 5.8% for the internal rigid titanium fixation
group versus 13.8% for the MMF wire fixation group.

Post-operative migration or relapse of osteotomy segments stabilized with
titanium miniplates were examined by Wall et a and no correlation was found between
the magnitude of surgical movement and post-operative relapse (1998). The tendency
toward further superior movement agrees with earlier findings by Proffit et al (1991).
Wall et a concluded that titanium mini-plates do not prevent post-operative migration of
the osteotomy segment...and post-operative migration of the osteotomy segment
indicates that predictions of individual outcomes of surgical corrections are uncertain
(1998). The majority of post-operative relapse has been attributed to the first six weeks
following total maxillary osteotomy. Hoffman and Moloney (1996) reported mean
relapse of 0.22 mm + 0.19mm in the first six weeks after surgery for a group of fifteen
patients with average 8.76 mm + 0.99mm maxillary advancement.

There has been a strong trend since 1985 toward internal rigid fixation.
Numerous studies have demonstrated improved bony healing, improved functional
adaptation, decreased frequency of temporomandibular joint dysfunctions, and improved

ability of patients to thrive when the maxilla and mandible were not immobilized post-
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operatively with MMF (Larsen et a, 1989). Adverse effects on respiration were shown
in patients immobilized with MMF (Kohno et al, 1993). Forced vital capacity decreased
7.3 percent and forced expiratory volume in one second decreased 20.3 percent before
and after MMF.

According to the clinical studies describing improved stability and functional
considerations noted most oral and maxillofacial surgeons have nearly abandoned MMF.
Related reports by the same authors have shown that patients overwhelmingly dislike and
increasingly refuse to have their jaws wired shut for 4-8 weeks post-operatively. Even
though this amount of time is necessary for bony union to occur with MMF, technical
advances in internal rigid fixation makes the practice of “wiring the jaws shut” obsolete.

Despite the improved stability and patient acceptance of internal rigid metallic
fixation, one disturbing biological response has been reported frequently, latent foreign
body reaction and infection. Histological samples from 14 patients were gathered 7.5 to
17.5 months after mandibular fracture healing (Hirai et a, 2001). The specimens were
gathered from bone adjacent to internal rigid metallic fixation plates only if the screws
and plates could be removed without injuring adjacent structures. Black titanium
particulate matter and multi-nucleated giant cells resembling macrophages were found in
the bone and soft tissues near the bone plates and screws.

Advances in resorbable polymers have revitalized interest in resorbable fixation
devices in craniofacia surgery (Suuronen et al, 1992). Successful fixation case reports
by Eppley in 1995 of traumatic midface and calvaria fractures using a resorbable
copolymer of poly-L Lactic acid and poly glycolic acid (PLLA/PGA) provided the

stimulus for other surgeons to utilize the materia in other craniofacial fixation
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circumstances (Eppley, 1996). In 1997, Goldstein reported on the use of resorbable
fixation with PLLA/PGA in 8 patients treated with bifrontal craniotomies to correct
craniosynostosis and one encephalocoele (Goldstein, 1997). No peri-operative or post-
operative infections or complications were observed. Surgical segments were stabilized
for the duration until bony union occured and most importantly growth restriction
commonly seen with rigid titanium fixation plates was not observed.

In 1999, Westermark demonstrated reliable 2-year post-operative stability using
PLLA/PGA resorbable fixation for 20 patients receiving elective bilateral sagittal split
osteotomies of the mandible (Westermark, 1999). No adverse tissue reactions, clinical,
radiological, or histological signs of healing complications were found.

In 2000, Shand and Heggie reported similar positive results for 31 patients using
resorbable fixation with PLLA/PGA for a variety of routine maxillofacial repositioning
procedures that were traditionally stabilized with internal rigid titanium fixation (Shand,
2000). Follow-up at 6 weeks revealed stability within normal limits. The authors
concluded that resorbable fixation with PLLA/PGA is sdatisfactory for maxillo-
mandibular repositioning.

The biomechanical characteristics of metallic and resorbable polymeric fixation
systems using a 3-dimensiona skull model to simulate clinical conditions of maxillary
advancement and loading were recently compared Araujo et a, 2001). The maximum
load sustained at permanent deformation was larger in the infero-superior direction in
both groups, while the maximum load for breaking was larger in the antero-posterior

direction in both groups. The resorbable polymer fixation system demonstrated lower
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elagtic dtiffness compared to titanium fixation yet appears to be adequate for post-
operative fixation and able to tolerate the forces of mastication.

Histologic reactions of resorbable polymers have been studied with mixed results
(Haers and Sailer, 1998), (Bostman and Pihlajamaki, 2000), (Rokkanen, 2000). No test
specifically examined specimens from copolymers of PLLA/PGA yet monomeric PGA
samples displayed a non-specific latent foreign body reaction 2-3 months post-
operatively in 2 percent of the patients. PLLA monomeric samples have demonstrated
contradictory findings ranging from no inflammatory reaction to mild reaction 4-5 years
post-operatively. A 2001 case report by Imola et a, demonstrated uncomplicated bone
healing in 52 of 54 (96 %) patients stabilized with resorbable PLLA/PGA for midfacial
fractures (Imola et a, 2001). These authors recommend the use of resorbable
PLLA/PGA as a means of avoiding the potential and well-documented problems with
rigid titanium fixation and further support the use of resorbable PLLA/PGA to stabilize
fractures and segmental repositioning of the middle and upper craniofacial skeleton.

Likewise, severa authors have shown that resorbable PLLA/PGA can be used
without post-operative complications for stabilization of zygomaticomaxillary fractures,
mandibular fractures, and repair of pediatric craniofacia anomalies (Eppley et al, 1996),
(Montag et al, 1997), (Kurpad et al, 2000), (Ashammahki et a, 2001).

Edwards, Kiely, and Eppley have published severa long-term studies on the use
of resorbable PLLA/PGA for stabilization of routine mandibular bilateral sagittal split
osteotomies, genioplasties, and combined maxillary and mandibular orthognathic
repositioning surgeries (Edwards et al, 1997), (Edwards et al, 2001). In all cases, the jaw

segments were reported as stable up to one year post-operatively. NoO post-operative
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complications such as latent foreign body reaction, infection, palpation by the patient,
radiographic obstruction, growth restriction or patient request for removal were reported.
The authors conclude that resorbable PLLA/PGA can be used for excellent stabilization
of al routine orthognathic surgeries without complication.

Most recently Ferretti et al (2002) compared the skeletal stability of forty patients
after bilateral sagittal advancement of the mandible. Twenty patients were stabilized
with bicortical titanium screws and twenty patients were stabilized with Lactosorb®
biocabsorbable polymer. No difference in post-operative stability between the two groups
after six months and no clinical or radiographic evidence of wound healing difficulties
was found. The authors conclude that bioabsorbable fixation is a viable aternative to

titanium fixation for mandibular advancements.

Biomechanics of Diverse Facial Patterns

In the 1600s Michelangelo carved a likeness of David in stone that represented a
popular conception of beauty. Although perception of beauty is different across cultures,
popular trends change only dlightly from generation to generation. Although intercultural
mixing has altered opinions of beauty, facial balance in three dimensions of space is of
cardina importance to al cultures.

Facial growth patterns and environmental influences on those inherent growth
patterns determine facial proportions. Orthodontists have examined the relationship
between dental occlusion and skeletal balance with lateral cephal ometric radiographs.
Edward Angle originally described a classification system of malocclusion in the antero-

posterior dimension that is still used today (Angle, 1900). Thousands of basic science
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and clinical experiments have led most orthodontists today to agree that most antero-
posterior imbalances are only symptoms, the cause of which isfound in the vertical
dimension. Once growth has ceased, any facial imbalances can only be corrected by
orthognathic surgery. It iswith this premise in mind that the following discussion
focuses on the vertical components of the dentofacial complex.

As noted earlier in the introduction, surgical correction with LeFort | impactions
and advancements are primarily performed for three distinct problems: skeletal open
bite, skeletal Class |11 anterior cross-bite, and idiopathic hyperdivergent “long-faced”
syndrome otherwise known as total maxillary alveolar hyperplasia or vertical maxillary
excess. Some patients can manifest all three problems such as the hyperdivergent “long-
faced” Class 1l anterior cross-bite with open bite tendency. The following discussion
will examine facial characteristics of the most notable problems and the biomechanical
factors they possess that may influence surgical relapse.

First, the dental and facial characteristics of persons with long faces
(dolichofacial) can be observed with or without open-bite. According to Bell et al (1977,
p. 45) “the upper vertical one-third of the face is usually within normal limits yet
examination of the middle vertical one-third (soft tissue nasion - soft tissue subnasale)
reveals a narrow nose, narrow alar bases, a prominent nasal dorsum, and depressed
paranasal areas’. These features give the person a sharp angular look with a prominent
nose and “dished-in” cheek areas. The lower vertical one-third (soft tissue subnasale —
soft tissue menton) of the face usually shows excessive anterior dental height with more
than 4 mm exposure of the maxillary anterior teeth in repose and an extreme (>2mm)

amount of maxillary gingiva display when smiling. Anterior open bite typically
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accompanies this facial appearance. A retruded chin, long lower vertical third, and
increased total face height combined with the prominent nasal complex give the person
the appearance of the beaked profile of abird. Functionally, the person cannot close the
lips together without muscle strain (lip incompetence) thereby further diminishing facial

esthetics and leading to the popular misconception of low intelligence (Fig 10).

Fig 10 Dolichofacial pattern profile and frontal views with lipsin repose

Dolichofacial persons exhibit steep mandibular plane angles with large gonial
angles and more open skull base flexure. Increased total facial height and lower facial
height are coupled with minimal free-way space and canted palatal, occlusal, and
mandibular planes (Sassouni, 1964). Thereis aso a predisposition to proclined
mandibular incisors and anterior open bites. Additionally, most of the vertical
component is found as excess vertical maxillary aveolar growth at both the molar and

incisor (Isaacson, 1981). It isaso probable that the short mandibular ramus in
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dolichofacial persons are instrumental in the morphology of the open bite malocclusions
commonly seen in these individuals (Sassouni, 1964). Oblique muscle forces from the
medial pteygoid, masseter, and temporalis acting posterior to the center of resistance of
the molar bite point on the mandible (Fig 11 from Haskell et a, 1986, p. 366) creates a
mesial force component between the steep palate and the mandible resulting in weaker
bite forces (50 Ib) than recorded in brachyfacial patients (150-250 |b). Additionally,
Haskell et al (1986) demonstrated that significantly more muscle activation was required
in dolichofacial persons (73%) than brachyfacial (32%) persons to produce equivalent

bite strengths due to the length of their moment arms.

Figure 11 Oblique muscle force vectors of dolichofacial pattern

The mechanical advantage of masticatory muscles is defined as the moment arm
of the muscle to the moment arm of the load. Additionally, the moment arm of a muscle

is defined as the perpendicular distance from condylion (CO) to the insertion point of the
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muscle. Fig 12 (Throckmorton, 1980, p. 411) below depicts the moment arm for the
masseter muscle (a), temporalis (b), and bite force (c). Smaller bite forces are generated
by dolichofacia persons because the moment arm of the load is significantly greater than
the moment arm of the masseter and temporalis muscles (Throckmorton, 1980). An
increase in the gonial angle from 90 to 155 degrees will decrease the mechanical

advantage of the masseter and temporalis muscles of dolichofacial persons by 55 percent.

Figure 12 Moment arms from condylion (CO) to molar bite point (FB), temporalis (FT), and masseter (FM)

Next, the brachyfacia person exhibits facial and dental characteristics nearly
identical in variation yet opposite in direction to the long-faced dolichofacial person.
Brachyfacial individuals a'so demonstrate a normal upper vertical one-third of the face

yet examination of the middle vertical one-third (soft tissue nasion - soft tissue subnasale)
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reveals a broad nose, flared alar bases, a normal nasal dorum, and prominent rounded
paranasal areas. These features give the person a more rounded and robust look. The
lower vertical one-third (soft tissue subnasale — soft tissue menton) of the face usualy
shows decreased anterior dental height with less than 4 mm exposure of the maxillary
anterior teeth in repose and no maxillary gingivadisplay when smiling. A prominent
chin, short lower vertical third, and decreased total face height combined with robust
paranasal areas give the person a muscle laden appearance to the face. Functionaly, the
person easily closes the lips together without muscle strain (lip competent) as seen in

Figure 13 below.

Fig 13 Brachyfacial pattern profile and frontal views with lips in repose

Brachyfacial persons exhibit low mandibular plane angles with small gonial
angles and more closed skull base flexures. Decreased total facial height and lower facial
height are coupled with additional free-way space and parallel palatal, occlusal, and

mandibular planes (Sassouni, 1964). Thereis also a predisposition to upright or
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retroclined mandibular incisors and anterior deep bites. Frequently, the maxillais not
sufficient antero-posteriorly for the elongated mandible and an anterior cross bite exists.
The anterior cross bite is the most common reason a LeFort | advancement procedure is
performed for brachyfacial individuals.

Larger bite forces are generated by brachyfacial personsthan dolichofacial
persons. Although the moment arm of the load is ill greater than the moment arm of the
masseter and temporalis muscles in brachyfacial persons, a more favorable ratio exists

(fig 14 from Haskell et al, 1986, p. 366).

Figure 14 Perpendicular muscle force vectors of brachyfacial pattern

Surgically repositioning the maxilla can alter the moment arms and therefore
influence masticatory efficiency and temporomandibular joint (TMJ) reaction forces
(Throckmorton, 1985). The calculation of reaction forces from the TMJ using atwo
muscle model is more sensitive to errors in muscle force direction than muscle force

magnitude and no single muscle force vector position produces minimal effect
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(Throckmorton, 1985). Most important to this discussion on the magnitude of surgical
relapse is the following comment “It is possible that through such analyses, the stresses
present in the jaws of diverse mandibular forms may aid in the treatment planning of
surgical procedures. Orthognathic sagittal advancements of the mandible that
occasionadly fail in long-faced persons may be the result of a bony incision unknowingly
placed through areas of high stress as pictured in the FEA or caused by inadequate
fixation in a highly stressed area prone to relapse as a result of biomechanical failure”
(Haskell et al, 1986, p. 380). The magnitude of muscle forces could aso factor into the
magnitude of relapse after maxillary surgery. Even though muscle patterns and bite
forces generated will likely change after orthognathic surgery the muscle volume does
not diminish significantly immediately after surgery. Therefore, the larger and more
robust masseter and temporalis muscles of brachyfacial individuals may influence post-
operative relapse more than dolichofacia individuals through heavier occlusal loads.
Likewise, smaller and thinner muscle volumes of dolichofacial persons may not be
capable of generating sufficient bite forces to significantly effect surgical relapse of the

maxilla
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CHAPTERII11

MATERIALSAND METHODS

Institutional Review Board

This study protocol was reviewed and approved by Richard L. Miller, D.D.S,,
PhD., Chairman of the University of Louisville’'s Human Studies Committee. In aletter
dated December 4, 2001, this retrospective study (613-01) was exempted from further
review according to 45 CFR 46.101(b) 4, because information that could identify

subjects, and match them with their lateral cephalometric radiographs, was not recorded.

Specific Procedures

This study was designed as a collaborative effort between the University of
Louisville School of Dentistry’ s Department of Graduate Orthodonticsin Louisville, KY
and Lieutenant Colonel (Dr.) Kevin D. Kiely (US Air Force), chief of oral and
maxillofacial surgery at the 82d Dental Squadron located at Sheppard AFB, TX.
Twenty-three subjects, 18 with dolichofacial pattern and 5 brachyfacial pattern, ages 19-
39 were treated with LeFort | osteotomies to correct excess vertical maxillary height,
skeletal anterior open bite, anterior crossbite or combinations thereof. Nine of the

twenty-three subjects were female, five with dolichofacial pattern and four with
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brachyfacial pattern. Nine subjectsinitially presented with Angle Class || malocclusions,
seven of which were skeletal open bite and three simply excess vertical height. Fourteen
subjectsinitially presented with Angle Class |11 malocclusions, five of which had skeletd
open bite, six had anterior crosshite, and three simply excess vertical height.

Pre-operative, immediate post-operative, and one-year post-operative lateral
cephalometric radiographs were taken on al twenty-four subjects. All pre-operative,
immediate post-operative, and one-year post-operative lateral cephalometric radiographs
were traced initially on matte acetate tracing paper (3M Unitek Monrovia, CA) to
identify universally accepted cephalometric landmarks. All lateral cephalometric
radiographs were then digitized using Ricketts' lateral 71 point analysis with the Dolphin
Digital Imaging computer software Version 8.0 (Dolphin Inc., Westwood, CA). A
template of each pre-operative maxilla as described by Egbert et al (1995) allowed a best-
fit technique of superimposition to be utilized for measurements of the immediate post-
operative and one-year post-operative lateral cephalometric radiographs.

Vertical and horizontal reference planes were constructed in order to measure
linear millimeter measurements to the following four universally accepted cephalometric
landmarks. Posterior nasal spine (PNS), anterior nasal spine (ANS), A-point, and M-
point. M-point is defined as the center point in the widest part of the premaxillary outline
on the lateral cephalometric radiograph. This point is marked by visual inspection. The
horizontal reference plane is defined as Frankfort horizontal from hard tissue porion to
orbitale (Po-Or). The vertical reference is defined as a line arising from hard tissue

Nasion (N) that is perpendicular to Frankfort horizontal .
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Linear millimeter measurements were recorded from the visually located
maxillary anterior midpoint (M) as defined by Carpenter, Nanda, and Currier to both
reference planes (1989). Point A, anterior nasal spine (ANS), and posterior nasal spine
(PNS) were aso measured in linear millimeter distances to the same vertical and

horizontal reference planes (Fig 15).

Figure 15 Linear measurements to vertical and horizontal reference planes

The facial pattern of each patient (Fig 16 and 17) was analyzed and calculated
according to the following parameters obtained from the pre-operative latera

cephalometric tracing analysis (Rocky Mountain Orthodontics, Canoga Park, CA):
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1 Mandibular plane angle- dolichofacial greater than the norm,
brachyfacia less than the norm.

2. Mandibular arc- dolichofacial less than the norm, brachyfacial
greater than the norm.

3. Lower facia height- dolichofacial greater than the norm, brachyfacial
less than the norm.

4, Facial axiss  dolichofacial less than the norm, brachyfacial greater than

the norm.
5. Ramus height- dolichofacial less than the norm, brachyfacial greater than

the norm

Figure 16 Dolichofacial pattern
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Figure 17 Brachyfacial pattern

Clinical deviations (CD) from the cephalometric norm provided by Dentofacial
Planner computer software (Toronto, Ontario, Canada) were calculated and inserted into

the following formula to ascertain afacial pattern for each patient:

Facial Pattern= (-CD Lower facial height) + (-CD Mandibular plane angle) + (CD

Facial axis) + (CD Ramus height) + (CD Mandibular arc)/5
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Statistical Analysis

Based on long-term skeletal relapse data reported by Proffitt et al (1991), Bishara
et a (1992), and Egbert et a (1995), a 2.0 mm relapse is considered an unstable one-year
post-operative result. Considering the total sample size of 23 patients, a 0.05 level of
significance, and a minimum requirement for 0.80+ level of power, the minimum effect
size required is 2.0 mm.

A two-factor repeated measures analysis of variance (ANOVA) was used to
compare the dolichofacial and brachyfacial groups in the study. Within group and
between group comparisons were made for the four horizonta and four vertical
assessment points of maxillary relapse used as the dependent measures. Although the
bioabsorbable fixation group data cannot be compared directly to atitanium rigid internal
fixation group that was not available, inferences to previously published stability data of
titanium interna rigid fixation will be made. The significance level was set at 0.05. All
resultant data was analyzed with the assistance of the computer generated statistical
software package Statistical Program for the Social Sciences (SPSS) for Windows,
Version 11.

Consultation on all data entry and other necessary statistical testing requirements
was coordinated through Dr. James P. Scheetz, a member of this thesis committee, and Lt

Col (Dr.) Kevin D. Kidly, the chief collaborator for this study.



CHAPTER IV

RESULTS

Vertical Measurement Descriptive Statistics

Analysis of the linear measurements for all subjects made from the four points of

the maxilla (PNS, M-point, A-point, and ANS) to Frankfort horizontal plane revealed

differentia surgical movement. Table 1 provides mean and standard deviation

descriptive statistics of linear millimeter measurements of the pre-operative (1) and

immediate post-operative (2) lateral cephalometric radiographs of both groups to describe

the magnitude of surgical movement.

PNS1 PNS2 M1 M2 Al A2 ANS1 ANS2
Dol Mean 26.22 25.87 29.95 2852 | 30.60 | 29.11 23.83 22.55
Dol Std Dev | 2.399 2.767 3.358 4290 | 3.852 | 4.897 3.638 4.350
Brac Mean 24.91 24.27 26.60 2684 | 26.97 | 27.21 22.01 22.26
Brac Std Dev | 2.967 4.395 5.457 6.694 | 6.513 | 8.449 5.232 7.146

Table 1 Vertica measurements from pre-operative to immediate post-operative

Descriptive statistics for the mean and standard deviation from immediate post-

operative (2) to one year post-operative (3) are shown in Table 2. The difference
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between the immediate post-operative measurement and one year post-operative

measurement describes the magnitude of relapse in the vertical direction for both groups

in the study.

PNS2 | PNS3 | M2 M3 A2 A3 ANS2 ANS3
Dol Mean 25.87 | 25.83 | 2852 | 28.43 | 29.11 29.10 22.55 22.38
Dol Std Dev 2.767 | 2727 | 4290 | 4.187 | 4.897 4721 4.350 4.350
Brac Mean 2427 | 23.93 | 26.84 | 2654 | 27.21 27.19 22.26 22.26
Brac Std Dev 4395 | 4197 | 6.694 | 7.179 | 8.449 8.581 7.146 7.146

Table 2 Vertical measurements from immediate post-operative to one-year post-operative

The magnitude of post-operative relapse in millimeters for the four vertical

measurements is shown in Table 3 below. Post-operative relapse is defined as the

magnitude of linear maxillary movement towards the pre-operative state.

PNS - FH M-Point - FH A-Poaint - FH ANS - FH
Dolichofacial 0.033 0.096 0.069 0.168
Brachyfacial 0.340 0.302 0.026 0.202
All Subjects 0.1 0.141 0.06 0.088

Greatest magnitude values for each group are shown in red

Table 3 Magnitude of post-operative relapse in the vertical direction
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Vertical Measurement- PNSto Frankfort Horizontal

Analysis of the vertical measurement PNS to Frankfort horizontal using awithin
group ANOVA test (Wilks Lambda) revealed a statistically significant difference from

immediate post-operative to one-year post-operative when evaluated for all subjects and

by face type (Table 4).

Wilks Lambda F Hypothesis df Error df Sg.
All Subjects .600 6.674 2.000 20.000 .006
By Face Type 742 3.484 2.000 20.000 .050

Vauesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 4 Multivariate tests for PNS-Frankfort horizontal

Similarly, pairwise comparisons revealed a statistically significant difference

from immediate post-operative to one year post-operative (Table 5).

Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 496 466 .300
Pre-op to One Y ear Post-op .682 442 138
Immed Post-op to One Y ear Post-op 187 .066 011

Vauesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 5 Pairwise comparisons for PNS to Frankfort horizontal
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No statistically significant difference was found between the two groups in post-

operative relapse for the point PNS to Frankfort horizontal as shown in Table 6.

Type Il Sum of Squares df Mean Square F Sg.

Face Type 30.187 1 30.187 1.289 | .269

Table 6 Test of Between-Subject Effects for PNS to Frankfort horizontal

Figures 18 (dolichofacial) and 19 (brachyfacial) pictorialy describe the within

group variation for the vertical linear measurement PNS to Frankfort horizontal.

Dolichofacial: PNS-FH
32
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PNSFHT1 PNSFHT2 PNSFHT3

Figure 18 Vertical measurement PNS to Frankfort horizontal for Dolichofacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.
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Brachyfacial: PNS-FH
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Figure 19 Vertical measurement PNS to Frankfort horizontal for Brachyfacia pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median val ue.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

Vertical Measurement- M-point to Frankfort Horizontal

Analysis of the vertica measurement M-point to Frankfort horizontal using a
within groups ANOVA test (Wilks Lambda) reveded a statistically significant
difference from immediate post-operative to one-year post-operative when evaluated for
all subjects but no statistically significant difference was found when examined by face

type (Table 7).
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Wilks Lambda F Hypothesis df Error df Sg.

All Subjects .716 3.963 2.000 20.000 .036

By Face Type 915 925 2.000 20.000 413

Valuesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 7 Multivariate tests for M-point to Frankfort horizontal

Pairwise comparisons revealed no statistically significant difference from

immediate post-operative to one year post-operative (Table 8).

Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 501 .798 .849
Pre-op to One Y ear Post-op .790 q74 .684
Immed Post-op to One Y ear Post-op 199 .084 .080

Table 8 Pairwise comparisons for measurement from M-point to Frankfort horizontal

No statisticaly significant difference was found between the two groups in post-

operative relapse for M-point to Frankfort horizontal as shown in Table 9.

Type Il Sum of Squares df Mean Square F Sg.

Face Type 62.489 1 62.489 1.107 | .305

Table 9 Test of Between-Subject Effects for M-point to Frankfort horizontal
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Figures 20 (dolichofacial) and 21 (brachyfacial) pictorialy describe the within

groups variation for the vertical linear measurement M-point to Frankfort horizontal .

Dolichofacial: M-FH
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Figure 20 Vertica measurement M-point to Frankfort horizontal for Dolichofacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.
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Brachyfacial: M-FH
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Figure 21 Vertical measurement M-point to Frankfort horizontal for Brachyfacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

Vertical Measurement- A-point to Frankfort Horizontal

Analysis of the vertical measurement A-point to Frankfort horizontal using a
within groups ANOVA test (Wilks Lambda) revealed no statistically significant
differences from immediate post-operative to one-year post-operative when evauated for

all subjects and by face type (Table 10).

Wilks Lambda F Hypothesis df Error df Sg.
All Subjects 918 .888 2.000 20.000 427
By Face Type 905 1.050 2.000 20.000 .368

Table 10 Multivariate tests for A-Point to Frankfort horizontal
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Pairwise comparisons revealed no statistically significant difference from

immediate post-operative to one year post-operative (Table 11).

Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 593 .798 834
Pre-op to One Y ear Post-op .641 720 .765
Immed Post-op to One Y ear Post-op 0.0047 .098 951

Table 11 Pairwise comparisons for measurement from A-point to Frankfort horizontal

No statisticaly significant difference was found between the two groups in post-

operative relapse for A-point to Frankfort horizontal as shown in Table 12.

Type Il Sum of Squares df Mean Square F Sg.

Face Type 73.602 1 73.602 928 | .346

Table 12 Test of Between-Subject Effects for A-point to Frankfort horizontal

Figures 22 (dolichofacial) and 23 (brachyfacial) pictorialy describe the within

groups variation for the vertical linear measurement A-point to Frankfort horizontal.
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Dolichofacial: A-FH
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Figure 22 Vertical measurement A-point to Frankfort horizontal for Dolichofacial pattern
Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

Brachyfacial: A-FH
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Figure 23 Vertical measurement A-point to Frankfort horizontal for Brachyfacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

54



Vertical Measurement- ANSto Frankfort Horizontal
Analysis of the vertical measurement ANS to Frankfort horizontal using awithin
groups ANOVA test (Wilks Lambda) revealed no statistically significant difference

from immediate post-operative to one-year post-operative when evaluated for all subjects

and by face type (see Table 13).

Wilks Lambda F Hypothesisdf | Error df Sg.
All Subjects .885 1.303 2.000 20.000 294
By Face Type 950 522 2.000 20.000 .601

Table 13 Multivariate tests for ANS-Frankfort horizontal

Pairwise comparisons revealed no statistically significant difference from

immediate post-operative to one year post-operative (Table 14).

Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 516 .740 .870
Pre-op to One Y ear Post-op .701 721 716
Immed Post-op to One Y ear Post-op 185 142 502

Table 14 Pairwise comparisons for measurement from ANS to Frankfort horizontal
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No statistically significant difference was found between the two groups in post-

operative relapse for the point ANS to Frankfort horizontal as shown in Table 15.

Type Il Sum of Squares df Mean Square F Sg.

Face Type 7.636 1 7.636 128 | 724

Table 15 Test of Between-Subject Effects for ANS to Frankfort horizontal

Figures 24 (dolichofacial) and 25 (brachyfacial) pictorially describe the within

groups variation for the vertical linear measurement ANS to Frankfort horizontal.

Dolichofacial: ANS-FH
40

30 1

20 «

10

N= 18 18 18
ANSFHT1 ANSFHT2 ANSFHT3

Figure 24 Vertical measurement ANS to Frankfort horizontal for Dolichofacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.
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Brachyfacial: ANS-FH
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Figure 25 Vertical measurement ANS to Frankfort horizontal for Brachyfacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median val ue.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

Horizontal Measurement Descriptive Statistics

Analysis of the linear measurements for all subjects made from the four points of
the maxilla (PNS, M-point, A-point, and ANS) to a Nasion perpendicular plane describes
the magnitude of maxillary movement in the horizontal direction. Table 16 provides
mean and standard deviation descriptive statistics of linear millimeter measurements of
the pre-operative (1) and immediate post-operative (2) lateral cephalometric radiographs

of both groups to describe the magnitude of surgical movement.
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PNS1 PNS2 M1 M2 Al A2 ANS1 ANS2
Dol Mean 46.26 44.48 -3.93 -1.65 -.152 191 421 6.149
Dol Std Dev 3.499 4.769 6.944 5.094 [ 4.970 | 3.924 4.472 4.90
Brac Mean 43.876 | 38.752 1.104 3.25 3.60 7.428 6.30 10.06
Brac Std Dev 1.807 3.234 4.356 2.009 [ 2.742 | 2.843 3.112 2.976

Table 16 Horizontal measurements from pre-operative to immediate post-operative

Descriptive statistics for the mean and standard deviation from immediate post-

operative (2) to one year post-operative (3) are shown in Table 17. These measurements

describe the magnitude of relapse in the horizontal direction for both groups in the study.

PNS2 PNS3 M2 M3 A2 A3 ANS2 ANS3
Dol Mean 44.48 44.31 -1.65 -1.73 191 1.90 6.149 5.88
Dol Std Dev 4.769 4.297 5.094 | 5167 | 3.924 3.893 4.90 3.886
Brac Mean 38.752 39.05 325 3.07 7.428 7.23 10.06 9.88
Brac Std Dev 3.234 3.048 2009 | 1.628 | 2.843 2.327 2.976 2.840

Table 17 Horizontal measurements from immediate post-operative to one-year post-

operative

The magnitude of post-operative relapse in millimeters for the four horizontal

measurements is shown in Table 18 below. Post-operative relapse is defined as the

magnitude of linear maxillary movement towards the pre-operative state.
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PNS—N Perp M-Point —N Perp | A-Point —N Perp ANS—N Perp
Dolichofacial 0.164 0.084 0.009 0.269
Brachyfacial 0.3 0.188 0.198 0.178
All Subjects 0.062 0.106 0.051 0.249

Greatest magnitude values for each group are shown in red

Table 18 Magnitude of post-operative relapse in the horizontal direction

Horizontal M easurement- PNSto Nasion Perpendicular

Analysis of the horizontal measurement PNS to Nasion perpendicular using a

within groups ANOVA test (Wilks Lambda) reveded a statistically significant

difference from immediate post-operative to one year post-operative when evaluated for

all subjects yet no statistically significant difference was seen by face type (Table 19).

Wilks Lambda F Hypothesis df Error df Sg.
All Subjects 485 10.631 2.000 20.000 .001
By Face Type .880 1.361 2.000 20.000 279

Valuesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 19 Multivariate tests for PNS-Nasion perpendicular

Pairwise comparisons revealed no statistically significant differences from

immediate post-operative to one year post-operative (Table 20).
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Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 3.453 .996 .007
Pre-op to One Y ear Post-op 3.385 .853 .002
Immed Post-op to One Y ear Post-op 0.0068 214 .985

Table 20 Pairwise comparisons for measurement from PNS to Nasion perpendicul ar

A datistically significant difference was found between the two groups in post-

operative relapse for the point PNS to Nasion perpendicular as shown in Table 21.

Brachyfacial subjects demonstrated more post-operative relapse than dolichofacial

subjects when comparing the absolute linear values in Tables 18 and 21

Typelll Sum of Squares

df Mean Square

F

Sg.

Face Type 233.510

1 233.510

6.072

.022

Valuesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 21 Test of Between-Subject Effects for PNS to Nasion perpendicular

Figures 26 (dolichofacial) and 27 (brachyfacial) pictorially describe the within

groups variation for the horizontal linear measurement PNS to Nasion perpendicular.
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Dolichofacial: PNS-N perp
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Figure 26 Horizontal measurement PNS to Nasion perpendicular for Dolichofacial
pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.
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Brachyfacial: PNS-N perp
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Figure 27 Horizontal measurement PNS to Nasion perpendicular for Brachyfacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

Horizontal Measurement- M-point to Nasion perpendicular

Analysis of the horizontal measurement M-point to Nasion perpendicular using a
within groups ANOVA test (Wilks Lambda) revealed no statistically significant
difference from immediate post-operative to one-year post-operative when evaluated for

all subjects and by face type (Table 22).
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Wilks Lambda F Hypothesis df Error df Sg.

All Subjects .851 1.751 2.000 20.000 199

By Face Type 087 129 2.000 20.000 880

Table 22 Multivariate tests for M-point to Nasion perpendicular

Pairwise comparisons revealed no statistically significant difference from

immediate post-operative to one year post-operative (Table 23).

Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 2.217 1.169 200
Pre-op to One Y ear Post-op 2.082 1.087 193
Immed Post-op to One Y ear Post-op 136 141 719

Table 23 Pairwise comparisons for measurement from M-point to Nasion perpendicul ar

No statistically significant difference was found between the two groups in post-

operative relapse for M-point to Nasion perpendicular as shown in Table 24.

Type Il Sum of Squares df Mean Square F Sg.

Face Type 283.737 1 283.737 3.879 | .062

Table 24 Test of Between-Subject Effects for M-point to Nasion perpendicular
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Figures 28 (dolichofacial) and 29 (brachyfacial) pictorialy describe the within

groups variation for the horizontal linear measurement M-point to Nasion perpendicular.

Dolichofacial: M-point- N perp
20

10+

210 o

-20

MNPT1 MNPT2 MNPT3

Figure 28 Horizontal measurement M-point to Nasion perpendicular for Dolichofacial
pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.



Brachyfacial: M-point- N perp
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Figure 29 Horizontal measurement M-point to Nasion perpendicular for Brachyfacial
pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

Vertical Measurement- A-point to Nasion perpendicular

Analysis of the horizontal measurement A-point to Nasion perpendicular using a
within groups ANOVA test (Wilks' Lambda) reveded a statistically significant
difference from immediate post-operative to one-year post-operative when evaluated for
all subjects yet no statistically significant difference when examined by face type (Table

25).
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Wilks Lambda F Hypothesis df Error df Sg.

All Subjects .663 5.074 2.000 20.000 017

By Face Type 963 387 2.000 20.000 684

Valuesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 25 Multivariate tests for A-point to Nasion perpendicul ar

Pairwise comparisons revealed no statistically significant difference from

immediate post-operative to one year post-operative (Table 26).

Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 2.946 .986 021
Pre-op to One Y ear Post-op 2.842 .906 .015
Immed Post-op to One Y ear Post-op 104 150 872

Table 26 Pairwise comparisons for measurement from A-point to Nasion perpendicul ar

A significant difference was found between the two groups in post-operative

relapse for the point A-point to Nasion perpendicular as shown in Table 27.

Type Il Sum of Squares df Mean Square F Sg.

Face Type 277.844 1 277.844 7.076 | .015

Valuesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 27 Test of Between-Subject Effects for A-point to Nasion perpendicular
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Figures 30 (dolichofacial) and 31 (brachyfacial) pictorialy describe the within

groups variation for the horizontal linear measurement A-point to Nasion perpendicular.
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Figure 30 Horizontal measurement A-point to Nasion perpendicular for Dolichofacial
pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median val ue.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.
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Brachyfacial: A-point- Nperp
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Figure 31 Horizontal measurement A-point to Nasion perpendicular for Brachyfacial
pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.

Horizontal Measurement- ANSto Nasion Perpendicular

Analysis of the horizontal measurement ANS to Nasion perpendicular using a
within groups ANOVA test (Wilks' Lambda) reveded a statistically significant
difference from immediate post-operative to one-year post-operative when evaluated for
all subjects yet no statistically significant difference when examined by face type (Table

28).

68



Wilks Lambda F Hypothesis df Error df Sg.

All Subjects .697 4.339 2.000 20.000 027

By Face Type 862 1.604 2.000 20.000 226

Valuesin red are greater than or equal to p= 0.05. Therefore, reject the null hypothesis (Ho)

Table 28 Multivariate tests for ANS to Nasion perpendicular

Pairwise comparisons revealed no statistically significant difference from

immediate post-operative to one year post-operative (Table 29).

Comparison Mean Difference Std. Error Sg.

Pre-op to Immed Post-op 2.847 .948 .020
Pre-op to One Y ear Post-op 2.623 .869 .020
Immed Post-op to One Y ear Post-op 224 115 .186

Table 29 Pairwise comparisons for measurement from ANS to Nasion perpendicul ar

No statisticaly significant difference was found between the two groups in post-

operative relapse for the point ANS to Nasion perpendicular as shown in Table 30.

Type Il Sum of Squares df Mean Square F Sg.

Face Type 130.296 1 130.296 3399 | .079

Table 30 Test of Between-Subject Effects for ANS to Nasion perpendicular
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Figures 32 (dolichofacial) and 33 (brachyfacial) pictorialy describe the within

groups variation for the horizontal linear measurement ANS to Nasion perpendicular.

Dolichofacial: ANS- Nperp
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Figure 32 Horizontal measurement ANS to Nasion perpendicular for Dolichofacial
pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and |owest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.
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Brachyfacial: ANS- Nperp
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Figure 33 Horizontal measurement ANS to Nasion perpendicular for Brachyfacial pattern

Shaded area (box) represents the range containing 50 percent of the measured values.
Horizontal line across the box area represents the median value.

Lines (whiskers) extend from the box areato highest and lowest values, excluding outliers.
Cases lying outside high and low range of values represent outliers.
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CHAPTER YV

DISCUSSION

It isimportant to note that although the overall sample size was adequate to
analyze post-operative relapse, we must acknowledge that the small number of
brachyfacial subjects clearly limits ones ability to draw appropriate conclusions about the
differences in biomechanical efficiency upon post-operative stability.

The results of this study show statistically significant post-operative relapse for all
subjects for the vertical measurements PNS and M-point to Frankfort horizontal. A
pairwise comparison of M-point to Frankfort horizontal, however, reveaed no
statistically significant difference from immediate post-operative to one year post-
operative. Only point PNS showed a statistically significant difference between the two
facial types (dolichofacial vsbrachyfacial) for any of the vertical measurements. The
results appear to show statistically greater post-operative relapse for PNS to Frankfort
horizontal than the other three points in this study which contrasts with the findings of
earlier studies (Proffit et a, 1987) which reported greater relapse of the anterior maxilla
in a superior direction.

Antero-posterior relapse was statistically significant using the two-factor repeated
measures ANOVA (Wilks lambda) for all subjects for PNS, A-point, and ANS to Nasion

perpendicular. Pairwise comparisons of A-point and ANS to Nasion perpendicular,
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however, revealed no statistically significant differences from immediate post-operative
to one year post-operative. A statisticaly significant difference was found between the
two facial types (dolichofacial vsbrachyfacial) for points PNS and A-point to Nasion
perpendicular with brachyfacial subjects demonstrating more post-operative rel apse.

The most clinically important findings of this study are found in the descriptive
statistics from immediate post-operative to one year post-operative. Although no direct
comparison can be made to rigid internal metallic fixation, the absolute linear
measurements accurately depict the magnitude of post-operative relapse found in this
population. For al subjects, the greatest relapse in the superior direction was 0.141 mm
at M-point. Dolichofacial individuals showed more relapse at ANS (0.168 mm) than any
other point while brachyfacial subjects demonstrated more post-operative vertical relapse
at PNS (0.340 mm) with M-point closely following (0.302 mm). Antero-posteriorly, the
greatest relapse for all subjects was 0.249 mm at ANS. Dolichofacia subjects showed
more relapse at ANS (0.269 mm) while brachyfacial individuals showed more relapse at
PNS (0.30 mm). Brachyfacia subjects showed more horizontal relapse than
dolichofacial subjects for three out of the four points. As stated earlier, although no
direct comparison to rigid internal metallic fixation can be made the most germane
addition to the body of post-operative stability literature can be found in the magnitudes
of linear relapse. Earlier findings by Proffit et al (1991) reported that 20% of their
subjects had 2-4 mm of posterior movement of the anterior maxillary landmarks using a 2
mm relapse threshold as minimally acceptable.

The findings of this study demonstrate relapse tendencies in fractions of a

millimeter which can perhaps be attributed to excellent surgical manipulation, fixation
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material, or both. Although severa relapse values for this study may have been
statistically significant the absolute magnitude was clinically insignificant. In fact, post-
operative relapse was less than that previoudly published for rigid internal metallic
fixation (Egbert et a, 1995), (Hoffman and Moloney, 1996).

A surgica orthodontic treatment plan is only as good as the magnitude of relapse
a patient experiences. Excellent post-operative stability of LeFort | osteotomies has been
reported by numerous authors (Luyk and Ward-Booth, 1985), (Bishara et a, 1988), (Ellis
et al, 1989), (Larsen et al, 1989), (Louis et a, 1993), (Bailey et a, 1994), and (Egbert et
al, 1995). Metallic fixation has proven to be equivalent or superior to both MMF wire
fixation and internal wire osteosynthesis fixation (Larsen et a, 1989), (Egbert et a, 1995)
yet Wall et a (1998) concluded that titanium mini-plates did not prevent post-operative
migration of the osteotomy segment and post-operative migration of the osteotomy
segment indicates that outcome predictions of surgical corrections are uncertain.

Metallic devices permanently implanted in the human body are not without
complication. Metallic fixation systems may require removal due to loosening,
migration, dental impingement, interference with the maxillary sinuses leading to sinus
infections, palpability through the skin of the face, thermal sensitivity, latent foreign body
reactions and infections, and patient’s psychological desire to eliminate artificial
hardware (Schmidt et al, 1998). Are we certain that the metals used in modern
orthognathic surgery today are entirely biologically inert?

Progress has never been made in any endeavor, particularly orthognathic surgery
by accepting the status quo. A goal for this study was to safely and effectively reposition

and restore the facial bones with limited facia scars, artificial materials, and post-
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operative relapse. Excellent post-operative stability and esthetics without permanently
implanted hardware is clearly alofty goal. | believe this goal was achieved with the
bioabsorbable polymer Lactosorb®.

Examining post-operative stability without evaluating the potential effects of
diverse skeletal facial patterns on relapse isincomplete. The small sample of
brachyfacial subjects was clearly alimitation. Further evaluation of the biomechanical
effects of diverse facia patterns using larger sample sizes may further illuminate our
understanding of why certain subjects relapse more than others after LeFort | osteotomies

or other types of orthognathic surgery.
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CHAPTER VI

CONCLUSION

Statistically greater post-operative relapse for PNS to Frankfort horizontal than
the other three points in this study was found for all subjects when evaluated for vertical
stability. Antero-posterior relapse for all subjects was again only statistically significant
for the point PNS. The only statistically significant differences found between the two
facial types (dolichofacial vsbrachyfacial) was PNS to Frankfort horizontal and PNS and
A-point to Nasion perpendicular with brachyfacial subjects demonstrating more post-
operative relapse. Further studies using larger sample sizes of diverse facia patterns are
required to determine the precise role biomechanical efficiency playsin surgical relapse.

Although several values were found to be statistically significant for all subjects,
the absolute values of post-operative relapse using bioabsorbable polymers (Lactosorb®)
were clinically negligible. The most significant contribution of this study to the volume
of surgical stability literature is reporting the absolute magnitudes of post-operative
relapse. The greatest relapse in any direction was 0.340 mm (PNS to Frankfort
horizontal). Bioabsorbable copolymers provide excellent post-operative stability for
superior and anterior maxillary surgical repositioning that rivals stability measurements
using rigid internal metallic fixation. Considering the potential for post-operative
complications with metallic fixation and the apparent equality of resorbable and metallic
biomaterials for post-operative stabilization, one can easily foresee bioabsorbables

replacing metallic fixation as the “gold standard” for orthognathic surgery.

76



REFERENCES

Abernathy W, McDaniel M, Edwards R, Kidly, K, Frazier D. (2000). Nonmetallic
fixation in elective maxilliofacial surgery. AORN J. 71(1):193-198.

An YH, Woolf SK, Friedman RJ. (2000). Pre-clinical in-vivo evaluation of orthopedic
bi oabsorbable devices. Biomat. 21(24):2635-2652.

Angle E. (1900). Treatment of malocclusion of the teeth and fractures of the maxillae,
Angle s system, ed. 6, Philadelphia, SS White Dental Mfg Co.

Araujo MM, Waite PD, Lemons JE. (2001). Strength analysis of Le Fort | osteotomy
fixation: Titanium versus resorbable plates. J Oral Maxillofac Surg 59:1034-10309.

Ashammakhi N, Peltoneimi H, Waris E, Suuronen R, Serlo W, Kellomaki M, TormalaP,
Waris T. (2001). Developments in craniomaxillofacial surgery: use of self-
reinforced bioabsorbabl e osteofixation devices. Plast Reconstr Surg 108 (1):167-
180.

Avis V. (1961). The significance of the angle of the mandible: An experimental and
comparative study. Am J Phys Anthropol. 19:55-61.

Bahr W, Stricker A, Gutwald, R, Wellens, E. (1999). Biodegradable osteosynthesis
material for stabilization of midface fractures: experimental investigation in
sheep. J Cranio-Maxillofac Surg 27 (1):51-57.

Bailey L, Phillips, C, Turvey TA. (1994). Stability following superior repositioning of the
maxillaby LeFort | osteotomy: Fiveyear follow-up. Int J Adult Orthod Orthog
Surg. 9:163-173.

Beals SP, Munro IR. (1987). The use of miniplatesin craniomaxillofacial surgery. Plast
Reconstr Surg. 79:33.

Beesho K, lizuka T, Murakami K-I. (1997). A bioabsorbable poly-I- 1actide miniplate and
screw system for osteosynthesisin oral and maxillofacial surgery. J Oral
Maxillofac Surg. 55:941-945.

Bell WH. (1969). Revascularization and bone healing after anterior maxillary osteotomy:
a study using rhesus monkeys. J Oral Surg. 27:249-255.

Bell WH. (1971). Revascularization and bone healing after posterior maxillary
osteotomy. JOral Surg. 29:313-320.

Bell WH, Creekmore TD, Alexander RG. (1977). Surgical correction of the long face
syndrome. Am J Orthod. 71(1):40-67.

77



Bell WH, Scheideman GB. (1981). Correction of vertical maxillary deficiency: stability
and soft tissue changes. J Oral Surg. 39:666-670.

Bell WH. (1985). Surgical correction of dentofacial deformitiesVVol. [1l. WB Saunders
Company. Philadelphia, PA.

Bergsma EJ, Rozema FR, Bos RRM, DeBruijn, WC. (1993). Foreign body reactions to
resorbable poly (I- lactide) bone plates and screws used for the fixation of unstable
zygomatic fractures. J Oral Maxillofac Surg. 51:666-670.

Bishara SE, Chu GW. (1992). Comparisons of postsurgical stability of the Le Fort |
maxillary impaction and maxillary advancement. Am J Orthod Dentofac Orthop.
102 (4): 335-341.

Bishara SE, Chu GW, Jakobsen JR. (1988). Stability of the Le Fort | one-piece maxillary
osteotomy. Am J Orthod Dentofac Orthop. 94 (3): 184-200.

Bos RRM, Boering G, Rozema FR. (1987). Resorbable poly (I- lactide) plates and screws
for the fixation of zygomatic fractures. J Oral Maxillofac Surg. 45:751-753.

Bostman O, Pihlgiamaki H. (2000). Clinical biocompatability of biodegradable implants
for internal fixation: areview. Biomat. 21(24):2615-2621.

Bostman O, Pihlgjamaki H. (2000). Adverse tissue reactions to bioabsorbable fixation
devices. Clin Orthop and Related Research. 371:216-217.

Bostman OM. (1991). Osteolytic changes accompanying degradation of absorbable
fracture fixation implants. J Bone Joint Surg. 73-B (4):679-682.

Bosworth FH. (1889). A treatise on diseases of the nose and throat. New Y ork, William
Woood and Company. Volume 1.

Carlotti AE, Schendel SA. (1987). An analysis of factors influencing stability of surgical
advancement of the maxilla by the LeFort | osteotomy. JOral Maxillofac Surg.
45:924-928.

Carpenter CW, Nanda RS, Currier GF. (1989). The skeletal stability of Le Fort |
downfracture osteotomies with rigid fixation. JOral Maxillofac Surg. 47: 922-
925.

Cheever DW. (1870). Displacement of the upper jaw. Medical and surgical reports of the
Boston City Hospital. 154.

Chu CC, Campbell ND. (1982). Scanning electron microscopic study of the hydrolytic
degradation of poly (glycoalic) acid suture. J Biomed Mater Res. 16:417.

78



Converse M, Shapiro H. (1952). Treatment of developmental malformations of the jaws.
Plast Reconstr Surg. 10: 473.

CostaF, Robiony M, Politi M. (1999). Stability of Le Fort | osteotomy in maxillary
advancement: review of the literature. Int J Adult Orthod Orthog Surg. 14 (3):
207-213.

Denison TF, Kokich VG, Shapiro PA. (1997). Stability of maxillary surgery in openbite
versus non- openbite malocclusions. Angle Orthod. 59(1):5-10.

Edwards RC, Kiely KD, Eppley BL. (1999). Resorbable PLLA-PGA screw fixation of
mandibular sagittal split osteotomies. J Craniofac Surg. 10:230.

Edwards RC, Kiely KD, Eppley BL. (2000). Resorbable fixation techniques for
genioplasty. JOra Maxillofac Surg. 58 (3): 269-272.

Edwards RC, Kiely KD, Eppley BL. (2001). Fixation of bimaxillary osteotomies with
resorbabl e plates and screws: experience in 20 consecutive cases. J Oral
Maxillofac Surg. 59(3):271-276.

Edwards RC, Kiely KD, Eppley BL. (2001). The fate of resorbable poly-L-
lactic/polyglycolic acid (Lactosorb) bone fixation devices in orthognathic surgery.
JOral Maxillofac Surg. 59(1):19-25.

EllisE I11, Carlson DS, Freydenlund S. (1989). Stability of midface augmentation: an
experimental study of musculoskeletal interaction and fixation methods. J Oral
Maxillofac Surg. 47:1062-1068.

Egbert M, Hepworth B, Myall R, West R. (1995). Stability of Le Fort | osteotomy with
maxillary advancement: a comparison of combined wire fixation and rigid
fixation. JOra Maxillofac Surg. 53:243-248.

Epker BN, Wolford LM. (1976). Middle third facial osteotomies: their use in the
correction of acquired and developmental dentofacial and craniofacial
deformities. J Oral Surg. 33:491-514.

Epker BN, Schendel SA. (1980). Total maxillary surgery. Int JOral Surg. 9:1-24.
Epker BN, O’ Ryan F. (1982). Determinants of Class Il dentofacial morphology: I. A
biomechanical theory, In McNamara JA (editor): The effect of surgical

intervention on craniofacial growth, Monograph 12, Craniofacial Growth Series,
Ann Arbor, University of Michigan.

79



Eppley BL, Prevel CD, Sadove AM, Sarver D. (1996). Resorbable bone fixation: It's
potential role in cranio-maxillofacial trauma. J Craniomaxillofac Trauma. 2:56-
60.

Eppley BL, Reilly M. (1997). Degradation characteristics of PLLA/PGA Bone Fixation
Devices. J Craniofac Surg. 8(2):116-120.

Eppley BL, Sadove AM, Havlik RJ. (1997). Resorbable plate fixation in pediatric
craniofacial surgery. Plast Reconstr Surg 100(1):1-7.

Eppley BL. (2000). Zygomaticomaxillary fracture repair with resorbable plates and
screws. J Craniofac Surg. 11(4):377-385.

Eppley BL. (2000). A resorbable and rapid method for maxillomandibular fixation in
pediatric mandible fractures. J Craniofac Surg. 11(3):236-238.

Ferretti C, Reyneke JP. (2002). Mandibular sagittal split osteotomies fixed with
biodegradable or titanium screws. A prospective, comparative study of
postoperative stability. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
93:534-537.

Fish LC, Wolford LM, Epker BN. (1978). Surgical orthodontic correction of vertical
maxillary excess. Am J Orthod. 73(3):241-257.

Gassaman CJ, Van Sickels JE, Thrash WJ. (1990). Causes, location, and timing of
relapse following following rigid fixation after mandibular advancement. J Oral
Maxillofac Surg. 48:450-454.

Gogolewski S. (2000). Bioabsorbable polymers in trauma and bone surgery. Injury. 31
Supplement 4: 28-32.

Goldstein JA, Queresny FA, Cohen AR. (1999). Early experience with biodegradable
fixation for congenital pediatric craniofacial surgery. JCraniofac Surg. 8 (2):
110-115.

Habal M. (1997). Absorbable, invisible, and flexible plating system for the craniofacial
skeleton. J Craniofac Surg. 8(2):121-126.

Haers PE, Sailer HF. (1998). Biodegradable self-reinforced poly-L/DL - lactide plates and
screwsin bimaxillary orthognathic surgery: short-term skeletal stability and
material related failures. J Cranio-Maxillofac Surg. 26(6):363-372.

Harada K, Enomoto S. (1997). Stability after surgical correction of mandibular

prognathism using the sagittal split ramus osteotomy and fixation with poly-L-
lactic acid (PLLA) screws. JOra Maxillofac Surg. 55:464-469.

80



Hirai H, Okumura A, Goto M, Katsuki T. (2001). Histologic study of the bone adjacent to
titanium bone screws for mandibular fracture treatment. JOral Maxillofac Surg
59:531-537.

Hoffman GR, Moloney FB. (1996). The stability of facial osteotomies. Part 5. Maxillary
advancement with miniplate and screw fixation. Aus Dent J. 41(1):21-27.

Houston WJB, Jones E, James DR. (1987). A method of recording change in maxillary
position following orthognathic surgery. Eur JOrthod. 9: 9-16.

Hunt JA, Williams DF, Ungersboeck A. (1994). The effect of titanium debris on soft
tissue response. J Mater Sci/Mater Med. 5:381.

lannetti G, Chimenti C, Di Paolo C. (1987). Five year follow-up of Le Fort | osteotomies.
J Cranio-maxillofac Surg. 15:238-243.

Imola MJ, Hamlar DD, Shao W, Chowdury K, Tatum S. (2001). Resorbable plate
fixation in pediatric craniofacial surgery: long-term outcome. Archives of Facid
Pastic Surgery. 3(2):79-90.

Isaacson RJ. (1981). Maxillary growth aberrancy with specia reference to maxillary
hyperplasia. JOra Surg. 39:898-902.

Kadleal, Laine P, Suuronen R, Ranta P, lizuka T, Lindqvist C. (1999). Osteotomy site
healing following mandibular sagittal split osteotomy and rigid fixation with
polylactide biodegradable screws. Int JOral Maxillofac Surg. 28(3):166-170.

Katou F, Andoh N, Motegi K. (1996). Immuno-inflammatory responses in tissue adjacent
to titanium miniplates used in treatment of mandibular fractures. J
Craniomaxillofac Surg. 24:155.

Kim YK, Teo HH, Lim SC. (1997). Tissue response to titanium plates: a transmitted
electron microscopic study. J Oral Maxillofac Surg. 55:322.

Kumar AV, Staffenberg DA, Petronio JA, Wood RJ. (1997). Bioabsorbable plates and
screws in pediatric craniofacia surgery: areview of 22 cases. J Craniofac Surg.
8(2):97-99.

Kurpad SN, Goldstein JA, Cohen AR. (2000). Bioabsorbable fixation for congenital
pediatric craniofacial surgery: a 2-year follow-up. Ped Neurosurg. 33(6):306-310.

Lanz O. (1893). Osteoplastische resection beider oberkiefer nach kocher. In: Deutsche
zeitschrift fur chirurgie. Ed. Lucke, Rose, Vogel, Leipsig.

81



Larsen AJ, Van Sickels JE, Thrash WJ. (1989). Postsurgical maxillary movement: a
comparison study of bone plate and screws versus wire osseous fixation. AmJ
Orthod Dentofac Orthop. 95(4):334-343.

Louis PJ, Waite PD, Austin RB. (1993). Long-term skeletal stability after rigid fixation
of Le Fort | osteotomieswith advancements. Int JOra MaxillofacSurg. 22:82-
86.

Luyk NH, Ward-Booth RP. The stability of Le Fort | osteotomies using bone plates
without bone grafts. JMaxillofac Surg 13: 250-253, 1985.

Marchetti C. (1999). Semirigid fixation of the mandible in bimaxillary orthognathic
surgery: stability after 18 months. International Journal of Adult Orthodontics &
Orthognathic Surgery. 14 (1): 37-45.

Matthew I, Frame JW. Allergic responses to titanium. JOral Maxillofac Surg 56:
1466-1467, 1998.

McNell RW, Hooley JR, Sundberg RJ. (1973). Skeletal relapse during intermaxillary
fixation. JOra Surg. 31:212-227.

Michelet, FX, Deymes J, Dessus B. (1973). Osteosynthesis with miniaturized screwed
plates in maxillofacial surgery. J Maxillofac Surg. 1:79.

Miller RA, Brady JM, Cutright DE. (1977). Degradation rates of oral resorbable implants
(polylactides and polyglycolides): rate modification with changes in PLA/PGA
copolymer ratios. J Biomed Mater Res. 11:711.

Montag ME, MoralesL, Daane S. (1997). Bioabsorbables: their use in pediatric
craniofacial surgery. 8(2):100-102.

Mosier-Laclair Set al. Intraosseous bioabsorbable poly-L-lactic screw presenting as a
late foreign body reaction: a case report. Foot & Ankle International. 22 (3):
247-251, 2001 Mar.

Obwegeser H. (1969). Surgical correction of small or retrodisplaced maxillae. Plast
Reconstr Surg. 43:351.

Papay FA, Hardy S, Morales L. (1995). “False” migration of rigid fixation appliances in
pediatric craniofacial surgery. J Craniofac Surg. 6:3009.

Paavolainen P, Karaharju E, Slatis P. (1978). Effect of rigid plate fixation on structure
and mineral content of cortical bone. Clin Orthop Rel Res. 136:287.

Pietrzak WS. (2000). Critical concepts of absorbable internal fixation. JCraniofac Surg
11(4): 355-361.

82



Pietrzak WS, Eppley BL. (2000). Resorbable polymer fixation for craniomaxillofacial
surgery: development and engineering paradigms. J Craniofac Surg 11 (6):575-
585.

Pietrzak WS, Gamboa M, Patel K, Sharma D, Kumar M, Eppley BL. (2002). The effect
of therapeutic irradiation on Lactosorb? absorbable copolymer. J Craniofac Surg.
13(4):547-553.

Postlewaite KR, Phillips JG, Booth S, Shaw J, Slater A. (1990). The effects of small plate
osteosynthesis on postoperative radiotherapy. Comment in Br J Oral Maxillofac
Surg. 29:67.

Proffitt WR, Phillips C, Turvey TA. Stability following superior repositioning of the
maxilla by Le Fort | osteotomy. American Journal of Orthodontics and
Dentofacial Orthopedics. 92 (2): 151-161, 1987 Aug.

Proffitt WR, Phillips C, Prewitt JW, Turvey TA. Stability following surgical-orthodontic
correction of skeletal Class Il malocclusion. II. Maxillary advancement.
International Journal of Adult Orthodontics & Orthognathic Surgery. 6 (2): 71-
80, 1991.

Rokkanen PU. (2000). Bioabsorbable fixation in orthopaedic surgery and traumatol ogy.
Biomat. 21(24):2607-2613.

Rosen HM. (1986). Miniplate fixation of LeFort | osteotomies. Plast Reconstr Surg.
78:748.

Rosenberg A, Gratz KW, Sailer HF. (1993). Should titanium miniplates be removed after
bone healing is complete? Int JOral Maxillofac Surg. 22:185.

Rotter BE, Zeitler DL. (1999). Stability of the maxillary osteotomy after rigid internal
fixation. JOra Maxillofac Surg. 57(9):1080-1088.

RozemaFR, Levendag PC, Bos RR. (1990). Influence of resorbable poly (L-lactide) bone
plates and screws on dose distributions of radiotherapy beams. Int J Oral
Maxillofac Surg. 19:374-376.

Schendel SA, Eisenfeld J, Bell WH, Epker BN. (1976). Superior repositioning of the
maxilla: Stability and soft tissue osseous relations. Am Jorthod. 70:663.

Schmidt BL, Perrott DH, Mahan D, Kearns G. (1998) The removal of plates and screws
after Le Fort | osteotomy. JOral Maxillofac Surg. 56:184-188.

83



Schuchardt K. (1959). Experiences with the surgical treatment of deformities of the jaws:
prognathia, micrognathia, and open bite. In: Wallace AG, ed. Second Congress
of International Society of Plastic Surgeons. London: E& S Livingstone.

Shand JM, Heggie AA. (2000). Use of aresorbable fixation system in orthognathic
surgery. Brit J Oral Maxillofac Surg. 38(4):335-337.

Shapiro HH. (1934). The muscles of mastication: Their relation to problems in
orthodontic treatment. Am J Orthod. 20:12-17.

Shetty V. (2001). Strength analysis of Le Fort | osteotomy fixation: Titanium versus
resorbable plates. Discussion. JOral Maxillofac Surg. 59:1039-1040.

Skoczylas LJ, Ellis E 111, Fonseca RJ, Gallo J. (1988). Stability of simultaneous maxillary
intrusion and mandibular advancement: a comparison of rigid and nonrigid
fixation techniques. J Oral Maxillofac Surg. 46:1056-1064.

Song HC, Throckmorton GS, Ellis E I11. Functional and morphologic alterations after
anterior and inferior repositioning of the maxilla. J Oral Maxillofac Surg. 55:41.

Stryer L. (1989). Biochemistry, 3" Edition. Lippincott Publishing Inc., New Y ork.

Suuronen R, Pohjonen T, Vasenius J, Vainionpaa S. (1992). Comparison of absorbable
self-reinforced multiplayer poly-I- lactide and metallic plates for the fixation of
mandibular body osteotomies: An experimental study in sheep. J Oral Maxillofac
Surg. 50:255-262.

Suuronen R, Laine P, Pohjonen T, Lindgvist C. (1994). Sagittal ramus osteotomies fixed
with biodegradeable screws: A preliminary report. J Oral Maxillofac Surg.
52:715-720.

Suuronen R. (2000). Bioabsorbable plates and screws: Current state of the art in facial
fracturerepair. JCraniomaxillofac Trauma. 6 (1):19-27, discussion 28-30.

Takada K, Lowe AA, Freund VK. (1984). Canonical correlations between masticatory
muscle orientation and dentoskeletal morphology in children. Am J Orthod. 86.
331-341.

Tams J, Otten B, van Loon J-P, Bos RRM. Computer study of fracture mobility on
biodegradable plates used for fixation of mandibular fractures. J Oral Maxillofac
Surg. 57:973-981.

Tate GS, EllisE 111, Throckmorton G. (1994). Bite forces in patients treated for
mandibular angle fractures. implications for fixation recommendations. J Oral
Maxillofac Surg. 52:734.



Throckmorton GS. (1985). Biomechanics of differencesin lower facia height. AmJ
Orthod. 77:418-421.

Tiainen J, Leinonen S, llomaki J, Suokas E, Tormala P, Waris T, Ashammakhi N. (2002).
Comparison of the pull-out forces of bioabsorbable polylactide/glycolide screws
(Biosorb and Lactosorb) and tacks. a study on the stability of fixation in human
cadaver parietal bones. J Craniofac Surg. 13(4):538-546.

Torgerson S, Moe G, Jonsson R. (1995). Immunocompetent cells adjacent to stainless
steel and titanium miniplates and screws. Eur JOra Sci. 103:46.

Tormala P. (1993). Ultra-high strength, self-reinforced absorbable polymeric composites
for applications in different disciplines of surgery. Clin Mat. 13:35-40.

Turvey TA, Bdl RB, TgeraTJ, Proffit WR. (2002). The use of self-reinforced
biodegradabl e bone plates and screws in orthognathic surgery. JOral Maxillofac
Surg. 60: 59-65.

Ungersboeck A, Geret V, Pohler O. (1995). Tissue reaction to bone plates made of pure
titanium: a prospective, quantitative clinical study. JMater Sci/Mat Med. 6: 223.

von Langenbeck B. (1859). Beitruge zur osteoplastik- die osteoplastische resection des
oberkiefers. In: Goshen A., Deutsche klinik. Reimer, Berlin.

Wall G, Dahlberg G, Rosenquist B. (1998). Postoperative migration of the osteotomy
segment stabilized by titanium miniplate osteosynthesis following LeFort |
osteotomy: An x-ray stereometric study. Int J Adult Orthod Orthog Surg.
13(2):119-129.

Washburn SL. (1947). The relation of the temporal muscle to the form of the skull. Anat
Rec. 99:239-248.

Wassmund W. (1935). Lehrbuchder praktischen chirurgie der mundes und der kiefer.
Leipsig, Hermann, Meusser, vol. 1.

Westermark A. (1999). Lactosorb resorbable osteosynthesis after sagittal split osteotomy
of the mandible: a 2-year follow-up. J Craniofac Surg. 10(6):519-522.

Wiltfang J, Merten HA, Schultze-Mosgau S, Schrell U, Wenzel D, Kessler P. (2000).
Biodegradable miniplates (Lactosorb): long-term results in infant minipigs and
clinical results. J Craniofac Surg. 11(3):244-245.

Winter GD. (1974) Tissue reactions to metallic wear and corrosion products in human
patients. J Biomat Res Symp. 5(1):11-26.

85



Wolford LM, Epker BN. (1975). The combined anterior and posterior maxillary
ostectomy: a new technique. J Oral Surg. 33:842-851.

86



NAME:

EDUCATION

& TRAINING:

AWARDS:

PROFESSIONAL
SOCIETIES:

CURRICULUM VITAE

Kyle Stewart Wendfel dt

Bachelor of Science (B.S.), Biomedical Sciences

Texas A&M University; College Station, TX

Graduated May 1990

Doctor of Dental Surgery (D.D.S.), Dentistry

University of Texas Health Science Center at San Antonio-Dental
School; San Antonio, TX

Graduated May 1998

Certificate, Advanced Education in General Dentistry Residency
1% Dental Squadron; Langley Air Force Base, VA

1998-1999

Diploma, Air Command and Staff College

Air University; Maxwell Air Force Base, AL

2000-2001

M.S., Oral Biology & Certificate, Orthodontics

University of Louisville; Louisville, KY

2001-2003 (Expected)

Commendation Medal, USAF, 2001.

Health Professions Scholarship, USAF, 1996.

Outstanding Unit Award Ribbon, USAF, 1993.

National Defense Service Medal, USAF, 1992.

Omicron Kappa Upsilon Academic Scholarship, 1993

American Association of Orthodontists (2001-present)

American Dental Association (1998-present)

87



PUBLICATIONS: K. Wendfeldt, M. Alder, R.J.M McCarter. Quantitative
Computed Tomography Measured Masseter Muscle Cross
Sectional Area. Journal of Dental Research, abstract:
2580, vol. 76, p.336, 1997.

K. Wendfeldt, M. Alder, J.T. McAnear. Cervical Spine
Versus Edentulous Maxillae: QCT Measured Bone
Mineral Density. Journal of Dental Research, abstract:
831, vol. 74, p.115, 1995.

NATIONAL MEETING
PRESENTATIONS:

MILITARY DUTIES
& ASSIGNMENTS:

Increasing Alveolar Ridge Height Using A

Resorbable Distraction Device. 1999 Thomas P.
Hinman Dental Symposium Table Clinic, Atlanta,
GA.

QCT Measured Masseter Muscle Cross Sectional
Area. 1997 American Association for Dental
Research, Orlando, FL.

Cervical Spine Versus Edentulous Maxillae: QCT
Measured Bone Mineral Density. 1995 American
Association for Dental Research, San Antonio, TX.

436" Dental Squadron; Dover Air Force Base, DE
(1999-2001) USAF-Active Duty General Dental Officer.

1% Dental Squdron; Langley Air Force Base, VA
(1998-1999), Advanced Education in General Dentistry
Resident. USAF-Active Duty

University of Texas Health Science Center at San Antonio-
Dental School. Air Force Health Professions Scholarship
(1996-1998), USAF Reserve-Inactive

Brooks Air Force Base Clinic, TX
(1993-1996), USAF Individual Mobilization Augmentee

377" Medical Group; Kirtland Air Force Base, NM
(1991-1993), Director, Medical Logistics Management
USAF-Active Duty

Sheppard Technical Training Center Hospital, TX

(1990-1991), Medical Logistics Management Internship
USAF-Active Duty

88





